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TITLE 

MODIFIED POLYPROPYLENE, PRICES.? F OR PREPARING MODIFIED 
POLY PR IPYLENE, M 1DIFIED PO LY PROP YD EME COMPOSITION AND 

FOAMED PRODUCT 



F IELD OF T EE I NVENTIO N 
The present invention relates t :> modified 
p olyp ropylene , a process for preparing modified 
polypropylene, a modified polypropylene composition 
con tain inc the modified polypropylene, and a foamed 
product: obtained from the modified polypropylene or the 
modified polypropylene compc sit ion . 



BA CKGROUND OF T HE IN VENT I ON 
Since foamed products marie from thermoplastic resins 
are generally lightweight and excellent in hear 
insulating properties and cushioning properties against 
external stress, tney are widely used as heat insulating 
materials, cushioning materials, core materials, food 
containers, etc. If these, f caned products made from 
po!yprop»ylene are excellent net only in chemical 
resistance, imp-act resistance and heat resistance but 
also* in food hygienic qualities, so that use of them as 
trays for fresh foods has been studied. 
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The pijlypropyiene, however, is a crystalline resin, 
and hen re it has low viscrsity and low melt tension when 
melted, so that in the forming process rf the 
polypropylene, there is a problem that cells are liable 
5 to collapsing. on this account, it is difficult to foam 
the pel ypr :. p yiene and to obtain lew-density foamed 
products having excellent appearance and excellent 
f ormabi nty - 

To improve foaniio] properties of the polypropylene, 
10 a process fcr producing a foamed product wherein a 

blowing agent and a cross 1 in king assistant are added to 
po 1 yprc'py lo-ne to crosslink the rnoieo'ules has been 
proposed in, for example, Japanese Patent Publication No. 
40420/i9 7 0. Even by the process, however, improvement of 
15 melt tension of the polypropylene is insufficient, and 
the unreactel c ros si inking assistant remains in the 
poiyprep-yleno to develop- strong odor. As a result, the 
resulti rg teamed product is unsuitable for food packaging. 
T: improve the foaming properties of the 
20 pit yf r:c vlene, further, a process comprising o lending 

polypropylene with polyethylene and foaming the blend has 
been prepensed in, for example, Japanese E'atent 
Fublication no. 2 57 4 ''1 loo. However, the effect of 
improvement in the melt tension of the polyprc-pylene 
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given by tnis process is small, and no foamed product 
having excellent secondary pro cess abi 1 ity can be obtained 

In WO 3 9/2 7 107, it is described that a 
per-: xydi c rbonate can be used as a radical polymerization 
5 initiator, and the melt viscosity of modified 

polypropylene rs n:t lowered out rather increased. In 
this publ "■ cation, however, modi .f ieo pol yprc-pylene resins 
obtained by blending ore kino of a propylene homopcOymer, 
one kind <of a polypropylene b.l:ck copolymer, one kind of 
10 a polypropylene raudc-m ccpo-iymor and several kinds :f 
pe r : xydicarbo nates in score levels are only introduced, 
and neither fcrmulati:n to obtain resins having 
properties suitable fc-r coarr. molding tor proposal fo-r 
delicate cent rod. of the properties of the foamed product 

15 is described. Further, obtainable fr:m the compositions 
described in WO99/2 7 007 are only foamed sheets having bad 
rorrac e a p p e a r a n o e . 

In such circumstances as mentioned above, the 
present inventor has studied and found that modified 

20 polypropylene having a specific melt flow rate, a 

soe -vi.fi c melt tension and a specific gel fraction is 
-tin able for i 000:1 mod. ding eno foamed products having 
excellent appearance can be obtained from the mc-dified 
polypr :py lene . The present inventor has also found that 

25 a modified po-lypropylene composition crmprising the 
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modified pel ypr opy lene and n on- cr os s 1 in ked polyprcpylene 
or high-pressure ow- dens 1 1 y polyethylene is also 
suitable for foam molding anil foamed products having 
excellent appearance can he obtained fr:m the composition. 
5 As a result of studies by the present inventor, it 

n^s oeeo found that in tne modified polypropylene 
obtained by the melt, reaction of polypropylene with a 
perjxydi :arb:na:e, a gel cc>mp>cnenc is contained, and if 
one modified polypropylene containing an amount of one 

10 eel component is foamed, una;; if :o cells are produced. 
Easec on the finding, the present invent :r nas farther 
studied and found that modified polypropylene having 
almost uniform cells and improved in foaming properties 
can be obtained by melt kneading polypropylene arid a 

15 p e r oxyoi carbonate using an extruder under tne specific 
conditions. Thus, the present invention has been 
a C'comp 1 i shed . 

As a result c: further studies ky the present 
inventor, it has been hound that since modified 

20 po lyp rc-py lene obtained by the reaction of polypropylene 
with a peroxydlcarbonace compound has an increased melt 
viscosity, strands are frequently broken in tne 
granulation pro-cess and thereby the granulation becomes 
difficult, or surface roughening takes place in the? sheet 

25 production to- cause bad appearance of the resulting sheet. 
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Eased on the finding, the present inventor has further 
scuoieo and found teat tne above problems can be solved 
by melt kneading polypropylene, a polypropylene 
cross-linking type peroxide and a polypropylene 
5 de c-omp-osi t ic>n type peroxide. Thus, the present invention 
h a s b e o n a o c omp 1 1 s n e d . 

'IE- JECT OF TH E INV E NT ICU 
It is an object of the present invention to provide 

10 mo»:iified po lyp> r ccoy 1 e ne capable of producing a foamed 
product having excellent ft' am properties and food 
hyoienic qualities end f avoraoly used for f oc>d tray or 
tne li Ke- 
lt is another object of the invention to provide a 

15 process for preparing modified polypropylene imp-roved in 
foaming propertied' and a process for preparing modified 
polypropylene capaole of producing a f earned pro-duct 
having excellent f-ood hygienic qualities and favorably 
useu for ftO'd tray or tne like. 

20 It is a further object of the invention to provide a 

process for preparing modified pol ypro py Lene capable of 
pro'C.uci ng a foamed pro-duct having excellent f ormabi 1 ity, 
excellent, appearance, uniform cells and excellent heat 
resistance . 
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It is a still further object of the invention to 
pr:>vid e a p r o cess f o r preparing m : d i f i e :I p o 1 y p rep y 1 e n e 
favorably used for producing a formed product having 
excellent heat resistance, hign expansion ratio, 
5 excellent f ormab.ilit y, low density and beauti ful 
appear ante . 

It is 3 still further 'Object : f the invention to 
provide a modified polypropylene c:mposicion improved in 
f earning properties . 
10 It is a still further -object ;f the invention to 

prrvide a modified polypropylene composition capable of 
producing a foamed product having excellent food hygienic 
q u a 1 i t i e s and f a '/ z r a 1: 1 y usee f o> r f : o d tray or t h e 1 i k e . 
It is a still further oojoct of the invention to 
15 provide a modified polypropylene composition favorably 

used for producing a f earned product having excellent heat 
resistance, high expansion ratio, excellent f ormability , 
low density and beautiful apoeuraroe. 

It is a still further object of the invention to 
20 provide a foamed product having excellent heat resistance, 
high expansion ratio, excellent f ormabi 1 i ty , _ow density 
a no beautiful appearanue . 

It is a still further object of the invention to 
provide a foamed product which is produted from modified 
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polypropylene prepared ty a specific process and having 
improved foaming pr jpert. oes . 

I: is a still further object -of the invention to 
provide a foamed product produced from modified 
5 po-1 ypropyler.e prepared ty a specific process, having 

excellent food hygienic qualities and favorably usee for 
food tray or the like. 

It is a still further object of the invention to 
provide a foamed product which is produced from modified 
10 po- 1 ypr opylene prepared ty a specific process and has 
e :•: collent f rma b o 1 i t y , e ;•: cell e n t a ppe a r a n c e , unifo rm 
cells and excellent heat resistance. 

It is a still further object of the invention to 
provide a foamed product which is produced from modified 
15 polypropylene prepared by a specific process and has 
excellent heat resistance, high expansion ratio, 
excellent fcrmability, bow density and beautiful 
appearance . 

It is a still further object of the invention to 
20 provide a foamed product which is produced from a 
modi f ied pc> 1 ypropy lerie c omp os i t ion havin g improved 
f oaning propert i es . 

It is a still further object of the invention tc 
provide a f cameo pro-duct which is produce':! from a 
25 modified polypropylene composition, has excellent food 
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hygienic qualities and is favorably used fcr f :-od tray or 
the like. 

It is a still further object of the invention to 
provide a foamed product v;hich is produced from a 
5 modified polypropylene compos i tic n and has excellent heat 
resistance, high expansion ratio, excellent f o-rmafc il ity, 
low density and beautiful appearance. 



SIHfhIAP j- F T H E INVEN T II 1 1 

10 The modified polypropylene (Al; acoordmg to the 

invention nas a melt fl:>w rate (ASTH D1118, 230 ° I, load 
of 1.16 kg) of 0.1 oo 10 a/10 min, a melt tension of 3 to 
2 1 o and a eel fraction, as determined by bo>iling 
uaraxylene extraction, of 0.11 tc 25 1 by weight. 

15 The modified polypropylene (Al) of the invention is 

odotaineo by, for example, melt kneading 18.5 to 19.7 1 by 
weight of polypropylene (Bl) having a melt flow rate of 
1.1 to 15 o/lO iron and 1.5 to 1.5 1 by weight of a 
pero xydi ca rbC'n = te "C) at ~ temperature of l' : 0 to 251 °C. 

20 In the present invention, the re roxydicarco rate (C) 

is preferably bi s ( 1 - t-bot y Icy cl ohexyl ) r-e roxydica r b ona t e 
C't dicetyl peroxydrcarbo!t5.te. 

The process for preparing moiifio-d polypropylene 
(A2 ; acrording to the invention comprises melt <neading 

25 poi ypro-pylene (32) and a peroxydi :arb onate yl, using an 
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extruder at a temperature of 1/0 tc 2oO°Z in such a 
r.anner that the specific enerq y f E c ? i t e c ome s 0 . 2. 5 t o 0 . 8 
kW-hr/kg tc prepare- modified p :>lypr ■■: py i ere > A2 } having a 
melt flow rate (ASTM I 123-3, 1 3 e c C , load, of 1.15 kg) of 
5 Col re 10 g'lt rr.ir;, a melt tensi:n ■: f : :o 10 g and a gel 
iraction, as determined by boiling paraxyler.e extraction, 
■:■ f 0 . 01 to 25 % by weight . 

In the present invention, the extruder is preferably 
a twin-screw extruder. In the screw arrangement of the 

10 twin-screw extruder, at least one kneading .section is 
desi rably prov ided . 

In the present invention, the per oxydo oarbc nate (C) 
i s preferably res ( 4 -t-but y 1 oyclohexy 1 ) pe roxy do ca rb ana t e 
or do <ret y 1 to re xydi carbonate . 

15 The process for preparing modified polypropylene 

(A3) a:coroi.ng to the invention comprises melt kneading 
polypropylene :'B1 ) , a po-lypropylene ores s 1 in king type 
peroxide (u) nnd a pol ypr-opylene de so mp: s 1 1 o :-n type 
peroxide :E) at a temperature of 161 to> leO'C. 

20 In the present invention, the polypropylene 

crossl tinting typo poroxide ! D) is preferably a 
psroxydicdr: onat-, a no tne peroxy dice rbona te is 
preferably bo o : 1 - t-but y I eye lonexyl ) poroxydicarb on a te or 
dicetyl perco:ydicarbonate . 
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In the present invention, the polypropylene 
decomposition type peroxide (E) is preferably a dialkyl 
peroxide, and the dialkyl per :>xi ie is preferably 2,5- 
d i. me t h y 1 - 2 , 5-bis : t - 1 u t v 1 p e r o x y ) h e x a n e . 
5 Toe process for preparing modified pi: lypropylene 

aoooroong ~o the ir.ver.tion romp rises melt kneading 
polypropylene (El) and a polypropylene crossl inking type 
peroxide ■" 11) at a temperature of 16C to 2o0'"C and then 
melt, kneading the resulting kreadate and ^ p>o lypr opylene 
10 oe nomp : s i 1 1 m type peroxide i E '■ so a temp era rare of 16 0 
t o 1 5 0 3 0 . 

In the present in .'eric ion , the polypropylene 
c r o s slinking t y p- e p e r o x i d o ; II ; is p r e f e r ably a 
peroxydi sarbc nate , and the peroxydicarkonate is 
15 preferably his { 4 - t-butyicy ::lc-hexy I ) per oxydr carbonate or 
dieetyl per : xydocarb onate . 

In the pros a n t in v e n 1 1 : n , t h e p o 1 y p r p y 1 e n e 
decomposition typ e perco-hde 'Ei is p referobly a dialkyl 
peroxide, and the dialkyl peroxide is preferably 2,5- 
20 dime thy 1-2, 5 -bis t-b utylperoxy ) riexane . 

The mooif ie:; polype- opocler.e c :mpositi : n i El ) 
according too the invention is a composition comprising: 
[ B3 ■ po lypr py iene , ana 
;A1) the mcoified polypropylene, 
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20 



wherein trie modified polypropylene (Al) is contained 
in an amount of 99 to 1 % by weight and the polypropylene 
f'B3) is contained in an amount of 1 to 99 % by weight, 
the total, of said components [Al) and (&3'j being 100 % by 
we i ght . 

'[ rie mo oi i f i e a o ■ . ■ 1 y p> r o p y 1 e n e o c^mp' o s i t i o n f Fl ) 
a c o o r d i n g t o the i n ven:.:.on is a o omp :» s i f i o n c o mp rising: 
( g ) high-pr e s s a r e 1 ■: w - d e n s i o y polyethylene, and 
(Al 1 one modified polypropylene, 

wherein the hi oh-p>ressure low-density polyethylene 
(G) is contained in an amount c-f 50 to 1 - by weight and 
the modified polypropylene (Al) is ooncoined in an amount 
of 50 to 99 % cy weight, the total of sold components (G) 
and (Al) being 10 0 -" by weoght. 

The foamed proouci according to the .invention is 
obtained from any one of the modified polypropylene (Al) 
to- the modified polypropylene [A4), the modified 
p-0'lypr opylene c on: p : s i t o c ns 'Fl' and the modified 
P'Olyp.r opylene co>mpnos i t o c n . F2 } . 

DETAILED DESCRIPTION OF THE INVENTION 



The modified polypropylene, the prcoess for 
p r epar i n g m o d i f .1 e e p c 1 y p r o p y 1 e n e , the mod i f led 
polypropylene composition and the foamed p-roduot 
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according tc the invention are described in detail 
hereinafter . 

{ A 1 ) M j d i f i ed po i y T p rc-pylene 
The modified polypropylene (Al) according tc the 
5 invention nas a melt flow rate (ASTM Till 3 , 2 30°C, load 
of 2 .16 kg) of 0.1 tc 10 o '10 mill, preferably 0.2 to 5 
g/10 mio, a mel: :eris:or: of 3 to 20 g, preferably 5 tc 15 
<:;, .in! a -gel fraction, as determined by boiling 
paraxylene extract! ;n, of 0,01 to 2 5 % by weigot, 
10 preferably 0.1 to 10 o by weight, particularly preferably 
0.2 t o 1 . J o by weight . 

The notified poi ypropylene (Al) nas Mw/Mri, as 
oietermired by gel permeation chronatography, of 
preferably 1 to 10, and Mz Mw, as determined by the same, 
15 of preferably 2.5 to- 0. 

Methods to measure the melt flow rate, the melt 
tension, the gel fraction mid the Mv//Mn are described 
Ia:om. 

The m edified polypropylene : Ac) of tne invention is 
20 obtained by melt oneading p.olypropylene (31) that is a 

starting polypropylene resin arid a per oxy d i ca rb on a t e (C). 
(Bl 1 Polypropyleno 



The polypropylene ( !r 1 : (starting material) used for 
preparing the modifreci polypropylene tAl) of the 
25 invention is a propylene hcmopolymer or a :op:lymer of 
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propylene ani at least :ne oc-olefin selected from a- 
elefins c>f 2 to 20 :arb:n atoms other than propylene . 
The polypropylene (31- is non-cr osslio.ked -or 
substantially non-cr oss 1 in bed po lypropyl ene . 
5 Examples o: the a- .olefins of 2 to 2 0 carbon atoms 

other ttan propylene :ro:h;:io ethylene, 1-bjtena, 1- 
pentene, 1-hexene, 4 -methyl - 1 -pen t ene , 1-c oter.e, 1-decene, 
1 - oi o a e c -o re, 1 - t e t r a ■ e o e re, 1 - h e x a d e c e : e , l-oot=aecer..e and 
i-eicosene. 2>f these, preferable is ethylene or an a- 

10 olefin of 4 \ o It career, atoms. 

T h e s e a - o 1 o f i n m a y f o r m r a n ol om ■.: op o 1 yme its or block 
o. 0) p -o 1 yme r s together w o t : prcpyle n e . 2 hi e constituent 
unite derive oi from these a-olef ins may ce 'contained in 
the polypropylene o:: armounts of not more tnan 5 %, 

15 preferably not tore than 2 -5. 

The melt flow rate (ASTM 21113, 210 C C, loud of 2.16 
^c. cf the polypropylene iBl; is oiesireol to re in the 
ranee of usually 0 . 4 to 15 g/10 mi. n, preferably 1 to 10 
g / 1 1 mi n , par t i aula :: 1 y p> referably 1.5 to 3 g / 1 0 mm. The 

20 Mw-Pin, as determined by gel permeation chromatography 
(e?C/, is in the range of preferably 4 to 1. 

To the polypropylene (Bl), a res:: or a rubber other 
than the- polypropylene (Bl) may be optionally added in an 
amount not detrimental to the effects of the present 

25 i nvent ion . 



SF-771 



14 

Examples of the other resins and rubbers include 
polyethylene ; poly-a-oler'ins, su:h as poly-l-but one, 
p> olyisobutene, poly-l-pe nt^re and p o 1 cme th y 1 - 1 -p en cene ; 
copolymers of two u-olefons selected from a- olefins of 2 
5 to 2 0 carbon atoms, suoh as an ethylene 'propylene 

: op . Lyme :: novirig a propylene o on ten t : f less tnan 75 % by 
wei :;it , nn ethylene/ 1-iou tene copolymer , ar.o a 
propylene 'M-butene copolymer having a propylene content 
of less than 75 : : by weight; copolymers of two a-cLefins 

10 selected : r :m a-olefins of 2 to 10 :a rk m at.ms and a 
o i e :\ e m o : ~i o m e r , su: h as an ethylene 'propylene, t - 
e th yi ode no -2 -norbo r nene copolymer having a propylene 
content of less than 7 5 0 by weight; rcpolymoro of one ot- 
olefin selected from a-olefcns of 2 t: 20 caibon atoms 

1 5 s n d a v i n y 1 mor.cner, s u c h a s a n e t h y 1 e n o , / v i n y 1 c n 1 o rode 
cop : lymer , an ethylene /vi nyli dene chic rode cc polymer, an 
ethylene • sory 1c not rile cop-oyoier, an 

ethyl ene 'mothaoi-ylonit r i le top olyne r , an e t hy 1 e no /ooin yl 
ace tat e ccpol yrr er, an et hy ] ene / a tor y lami :!e c op 0 1 yme.r , an 

20 ethylene '' me t h a c r y 1 amid e cop>o lynor, an ethylene a or '/lie 
acid cop..-.- Lymer, an ethylene /'met. hacryl 1 0 ocio oop-h.ymer, 
an '■ftriyf.'oe/male :. c acid copo 1 ynor , ah ethylene 'ethyl 
aery la*: e copoLyme r , an ethyl ene /'but yl a 0 ry 1 at e c-p olymer, 
an ethyl one/methyl methacry.1 ate cop olyire r, an 

25 ethylene/ ma leic anh yd ride copolymer, an ethylene.-'acrylic 
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aci i metal salt copolymer, an ethylene, "me thacryl ic acid 
met !;1 salt copolymer, an ethylene /s ty rone ::-pelyirer, an 
ethylene 'mec.ny 1 styrene :jc :lymer and an 

ethylene .'' di vin y loen zene c : pol yme r ; poly iie:ie cop o 1 ymer s , 
5 such as p^oly is cbaaene, ; jlybutadiene and po 1 y i sop rene ; 

vinyl men omer / d.i.e.oe mioncmei random copolymer?, soch as a 
styrene -'but ad eerie random coped ymer ; vinyl monomer /diene 
monomer/vinyl m.onomer obock copolymers, such as a 
sty rene .'"beta diene / sty re r;e 1: 1 oc k c op : 1 yr.er ; hydr c -gen a ted 

1 0 i. v i :o y 1 mo n on e r /'d 1 ■:- ne mo: n cm e r r a n d om c op o 1 ym e r s ;• , such as 
a hydro c-n ace :1 ( s o y rene ''but ad i one randvn c opc 1 yme r i ; 
hyd rogen a c ed rcnyl monomer / d i one m o ncrr er . '\ 7 c_nyl rnc nomer 
block copolymers-, such as a rycirc gonaaed 
( styreno/bat adieno / s c y reioe block cop o_ymer ■ ; vinyl. 

15 niori-iner diorio m a n : me r , " v a. n y 1 mc n om c r a r a f t cop - c 1 y m e s , 

seen as an aery lord t rile /but ad i ene/s: yrero oc polymer and 
a mot hy I me tha c r y i car e /butadiene / s c yr one cop ol yme r ; viny 1 
p C'l ymer ■■ , s ueh a s pel yvi r:y 1 chlcr: do , pol. y\* o n y 1 i derio 
chl-r ide , pc lyaooiomtio oe , pC'lyi' inyl a cot ate , pol y ethyl 

20 acryla o o , p> o .L y ;:o 1 1 y 1 a c r y 1 a t e and me t h y 1 pool ym e t h a c r y 1 a t e ; 
and vinyl copo 1 ymors , such as a vi. nyl 

chloride / aery 1 one a rile c op o 1 yme r , a vinyl en 1 or ide /'vinyl 
aceoate copolymer, an aery 1 oni a ro I e/ styrene copolymer and 
a methyl me tha or y la t e styrene copolymer. 
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The amount : f the ether resin or rubber added to the 
p:>lypre>py lene (PI) varies depending upon the type of the 
resin or ruboer, and any amount not detrimental eo the 
effects of the invention is available, but usually, the 
am:unt is nee mere ehan about 2 5 % oy weignt. 

To the pclypro py lene (hi), further stabilizers, such 
as antioxidant, ultraviolet, light absorber, metallic soap 
and. hydrochloric acid absorbent, and additives, such as 
nu tie a t i no agent, 1 uo r i oant , p 1 a s t i ci zer , filler, 
reinfer :iru agent, pigment, dye, flame recardanr and 
antistatic agent, may be optionally a cue a in amounts not 
detrimental to the ef foots of the present invention. 
( CI Per ee: yd i carbonate 

The p eroxydica rbonate (C) for use in the invention 
is a compound represented by the following formula: 

1= : -01 >0) OOC to) C-FO 
wherein ¥ - arid PO may he the same o-r different and are 
each Ch 3 , 2 - o -C 3 H- J-C, H A , C?H - ; CH t CH : , ) , 4-CH : ,-3 e H 4 , 

CI3CC Cb. ) ;;, 1 Th.. , C-C 6 H 1: CH 2 , 3-C"C :H:.-'C H • , C 1 3 S 1 ( 3H 2 ) 3 , 

c (3 h- : , :h 3 cm( jch 3 . ch.oIH;, c 6 h 5 cch 2 ch 2 , c 6 h 5 ch ; , z- 

C H H 17 CH-CH : 2H 2 j 8 , ;.-CH ; . -C\K ! , (CH : .) 2 CHCH 2 CH ( 3H : - , 3, 1-di- 

ch 3 -c 6 h,, cio:, ch 3 chu:i), cich 2 , (c 2 h 3 oc ; 3 ■ ) 2 ch (ch 3 ) , 3,5- 

di-CH 3 -C fc H : ,, 3 8 H :: -, C 2 H 5 , C 13 H 37 , 2-oxo-l, 3 -d i oxane - 4 -CH 2 , 
C 2 Hy:H (CI ) CH 2 , 4 -CH3C-C.H4 , o-C,H-,, CH 3 SC 2 CH 2 CH 2 , C 22 H;: 5 , 
C 6 H 5 CH (CI) CH 2 , H 2 C=CKCH 2 , 2-Clc-C b H 10 , H 2 OC (CH 3 ) CH 2 , c-C ta H 21 , 
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CiCHv lib , 4 - ( C ^H5.-N = N i - "^H^ 7H2 / stearyl, 1 -napht hyl , 4 - 1 - 
: 4 Ho-:,H 10/ 2,4, 5-tri-Cl-C 6 H 2 , C 14 H 2?f 9-f iuirenyl, 4-N0 2 - 

c 6 h, 2.H2, 2-i-: 3 H 7 -c 6 H^ :h 3 och 2 ch2, h 2 :=c(ch 3 ) , 2-:h 3 -c 6 h 4 , 

5rCH 2 CH 2 , 3-CH 3 -5-i-C 3 H--C 6 H 3 , r.r 3 C::H 2 , C2H5OCH9CH2, H 2 C=CH, 
i-C^H-, 2-C 2 H 5 -:H ;CH : 0 -C,rb ; , CI 3 CCH 2 , : 5 H U , c-C :2 H 23 , 4-t- 

:4H,j-:: , e H 4/ c^h^, c 3 h 7 , c 6 h i: .ch (ch ? ) , ch 5 oc (ch 3 ) 2 ch 2 ch 2 , 

: 3 H-2'CH 2 CH.>, CH3OCH0CH (CHO , 2-.i - : 3 H 7 -5-CH 3 -c-C 6 H 9/ 
C^Hj I'CH 2 CH 2 f C-C4K0 arid {CH 3 ) 3 CCH 2 , In the at-: ve formulas, 
i mearis iso, a naa::s tertiary, z means cis, find c means 
eye J i - . 

Of the aoave e jmpound? , preferable are bis(4-t- 
but yl lye lC'hexy 1 ) peroxydi^arbonate, di :et y 1 
per ixy di carb orate , d irrr/r i s t yl peroxydi :arbonate f 
d 1 i s opropyl p> e r o :-: y d i e a r b o n a t e , d i - n - b u 1 y 1 

peroxydicart -mate and his 1 2-ethylnexyl ) per: xydicarbenate 

Of these, particularly preferable are bis(4-t— 
but y 1 z y c 1 c » h e x y I ) per o x y d i c a r bo n a t e an d d i c e t y 1 
perixydicarb xiate because if excel Ian: ere ss linking 



20 The per oxycicarbor.ate (C' is added in an amount of 

0.1 to 1.5- parts by weight, preferably 0.3 to 1.5' parts 
by weight, particularly preferably 0 . to l.C part by 
weight, based on 100 parts by weight -if the polypropylene 
(Bl> . 
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'When the peroxydicarbonate (2) is added in the above 
amount:, satisfactory modifying effects are obtained, and 
problems seen as :ie tar i ore t i-cn of foaming properties due 
t j production :>f excess gel component, deter ic ration of 
5 fcoo hygienic qualifies of the modified polypropylene 
(Al.) by cne de cc'mpo s i c i on product of peroxide, and 
development c f odor are roc breug.it about. 

The modified pc lyp- ro-polene (Al) of one invention is 
obtained by melc -noodin-g the polypropylene (El) and the 
10 per oxy :; iearooate (2:, and in mis melt kneading, a vinyl 
monomer may be present when needed. 

E x a np 1 e s of t h e v i n y 1 monomers chat is used in the 
i n ve n c i -on w n e n n e e d e d inci u d e v i n y 1 o h lor: do , v inylidene 
cnl : r ioie , e t yrene , a cry Ion itrile, me thacryloitrile, 
15 acrylami.de, me thacr yiamide , vinyl acetate, .acrylic acid, 
meohac.ryl.ic acid, maieio acid, maleio anhydode, acrylic 
acid metal salt, methacrylrc acid metal sale, acrylic 
esters, such as methyl aorylato, ethyl aery late, butyl 
aery lace, 2 -etny Ihexy 1 acrylate, stearyi aery late and 
20 glycyl acrylate, and methacrylic esters, such as methyl 
met h a c r y 1 a 1; e , ethyl me t h a c r y 1 a t e , but y 1 me thacr y late, 2 - 
ethylhexyl me thacr y 1 a t e , stearyi netha cry late and glycyl 
me thacr viae e . 

Process for preparing modified polypropylene i Al ) 
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To prepare the modified pclypr jpylene f'Al) of the 
invention, the p ol ypropylerie -31), the peroxy dicarbonate 
(C) and other additives Dptionally used are first mixed 
by a ribbon blender, a tumbling blender, a Hensthel mixer 
5 c-r the like. 

Then, the mixture of the polypr : pylene '31), tne 
peroxydi oaro onate i'C) and -other additives optionally used 
is melt kneaded to obtain weakly or oss linked modified 
polypropylene ' Ai ) . 
10 Examples of the melt knead: nc devises adO'ptable 

inoolude kneading machines, sush as co-kneaoler, Banbury 
m i xer , Bra be nde r , single-screw ext ru de r and twin-screw 
e x t r u d e r ; .n o r i t o n t a 1 stirrers, s u c h as t w i n -screw surface 
replacement machine and twin-screw multi-disc: device; and 
15 vertical stirrers, such as double helical ribbon stirrer. 

Of these, t h e twir.-scr e w extruder i s p a r t i c u 1 a r 1 y 
preferable because sufficient kneacing is feasible and 
the procjct ivity is excellent. In trder t o homogeneous ly 
and sufficiently mix the components, tne melt kneading 
20 may he carried out plural times. 

The he at in c temperature for the melt kneacinq is in 
the ranee -of 171 to 2c0°0, preferably 13 0 to 220 'C. When 
the melt oneadinq is carried out in this temperature 
range, the pC'lyp ro>py lene (fl. 1 is sufficiently melted and 
25 the peroxydicarbonate (C) is completely decomposed. 
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Hence, the resulting modified polypropylene '.Al) is not 
further changed on the properties in the molding process. 
The melt kneading time is en the range of usually 11 
seoonds to 5 minutes, preferably 10 seconds to 60 seconds 

In the present invention, the modified pc> 1 yp r opy 1 ene 
(Al) is prere looly one obtained by melt kneading 98.5 to 
9 9.7 1 by weight -of the polypropylene !B1) having a melt 
flow rate of 0.4 to 15 g / 1 ^ min and 0.3 to 1.5 1 by 
weight of. toe pe r oxyd i ca rbona t e (C) at a temperature of 
17 J to 2oC c C. 

Process for p repa ring modified joc lyprcpyle ne ( A2 ) 

In the process for preparing modified polypropylene 
(Al ) acooroiirg to the invention, polypropylene -!B2) and 



the pe 



ca room: ate ( t ) are melt kneaded using an 
ruder under the specific conditions to- prepare 



mod i f ieo po 1 ypuoepg* 1 ene (A. 

( ^0 > Ao 1 yp 1 r i py J ene 



n a v l n q 



ci f i c p roper ties 



The po iyp r cpylene ( t-2 ■ (starting material; for use 
in the invention is a pocpylene homopoiymer -or a 
copolymer of propylene and at least one a-olefin selected 
from a-olefins of 2 to 20 carbon atoms other than 
pre pylene . The- polypropylene !32- is noon- ores s 1 in ked or 
substantia 1 1 y no n-crco s 1 inked polypropylene . 

Examples :: f the a-olefins of 2 to 20 carton atoms 
other than propylene include the same a-olefins as 
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previously described. Of these, preferable is ethylene 
or an a-olefin of 4 to 10 carbon atoms. 

Tnese a-olefiris may fcrrt ranooi ■:op:lymers or block 
copolymers together with propylene. The constituent 
5 units derived fr-om these a- olefins rr.ay be contained in 
the po 1 yprcpylene on amounts of not more tnan 5 o, 
preferably not more than 2 1 . 

The melt flow rate t'ASTM D1238, 230°C, load of 2.16 
kg) of the polypropylene [32) is desired to be no the 
10 range of usually 0.3 to 30 g/lC min, preferably 0.4 tc 10 
q/10 m_Lh, tart ocularly preferably 1 to- 10 min. The 

Mw/Mn, as determined by gel permeation chromatography 
■GP3), o s :n the range of preferably 4 to 3. 

To the polypropylene (BO), a resin or a rubber other 
15 that, the polypropylene (=2) may be optionally added on an 
amount not de t r ome.no a 1 to the effects of the present 
invent for: . 

Examples- of the other resins and ruboers it. elude the 
same resin; and rubbers other tnan one polypropylene {El) 
20 a s previ:usiy described. 

Toe amount O'f the other resin or rubber aoioeo to the 
polypr opyiene (B2 ) varies depending up on the type of tne 
resin o>r rubber, and any amount not detrimental to the 
effects of the invention is available, but usually, the 
25 amount is not rrore than about 2 5 % by weight. 
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To the polypropylene 'E2), further stabilizers, such 
as ant i oxidant , ultraviolet; light absorber, metallic soap 
and hy :lrc>eril ori c accd aosorbent, and additives, such as 
nuoleat mg agent , lubri cart , plastici zer, f i 11 er , 
5 rein f or si ng agent, pigment, dye, flame retardant and 

antistatic a cent, may be optionally added in amounts not 
detrimental to the ef rests of the present invention, 
f C ) ? e r o x ydi c a rbona t e 

rtxamir-l.es of the pe r ox yd i oarb onat es (2) include the 
10 same compounds as previously described. Of the compounds, 
ore f erabl e are bl s ( 4 - t-bu t yl cycle hexy 1 ) per-cxydica rbonat e , 
dicet yl percxydica rbor.ate, di myr istyl peroxydi carbonate, 
oi i sopr>0[oy 1 pe r ex yd i car con a te , di -n-but y 1 

peroxydi care onat e and bis ( 2-e thy.lhexy 1 ) p eroxydica rbona te . 
15 Of these, particularly preferable are bis(4-t- 

but yl cychohexyi ) oercxy a ica rbon at e and di oetyi 

p e rc'xyo i ca rb on a t e because of excellent cr : s s .1 i n king 

The peroxydicaibcnace (0) is added in an amount of 
20 preferably C.l to It certs by weioht, more preferably 0.5 
to : parts by veicht, based ori 111 parts by weight of the 
p ■:■ 1 ypr opyiene ( 22 ) . 

When the percxydicarbonate (C) is added in the alcove 
amount, satisfactory modifying effects are cbtained, and 
25 problems such as deterioration of foaming properties due 
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to production of excess gel cDmponent , deterioration of 
food nygienio qualities of the modified polypropylene by 
the decomposition product of peroxide, and development of 
odor are not brought about. 

5 F'r epa rati : n pr ooe ss 

The modified polypropylene (A2 ) in the invention is 
obtained by melt kneading the polypropylene (3.1) and the 
p e r o x y die a r donate ( I ) , and in this me It kneading, a vinyl 
monomer ma y o e ores e n a w h e n neede d . 

10 Exampd.es of the vinyl monomers that is used in the 

Invention wrier, needed include the same monomers as 
p r e v i o u s 1 y d e s a r ■ i b e d . 

In the process for preparing modified polypropylene 
(Aid aocording to the invent ion, the polypropylene (B2), 

15 the percxyciicarieonate (2) and other additives optionally 
used are first mixed by a r ibb on 1: lender, a tumbling 
blender, a Hen sohel m o xe r or the 1 i ke . 

Then, the mixture of the polypropylene (B2), ti:e 
r e r O'Xydi carbon a t e (C- and other additives opm.onally used 

20 is melt kneaded. 

As the extruder used for melt kneading, a single- 
screw exorucer or a twin-screw extruder is adoptable. Of 
these, the twin-screw extruder is particularly preferable 
because sufficient kneading is feasible and the 

25 p r o d u c t i v i t y is excellent. 
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The twin-screw extruder preferably used in the 
invention has L 7 D of at least 25, preferably 3 0 or more, 
anil a maximum screw rotational number of 10O to 10 0 rpm, 
an:l the rotational directions of two screws are 
5 preferably the same as each other. 

In the present invention, the melt .Kneading is 
carried out in such a manner that the specific energy 
(E 3P ) teccmes C : . 2 f-- to 0.3 kW-hr'kg, preferably 0.3 to 0.78 
kW*hr/og, particularly preferably 0.35 to 0 . 0 3 kW-hr/kg. 
10 The term "specific energy" used hereon means energy 

-kW-hri required for melt kneading based on 1 kg of the 
resin kneaded, and the specific energy can be calculated 
from the folloivon-j formula (1): 

S ■■= (P-V) ,'M -1 ) 

15 wherein S is specific energy (kW-hr/kg;, P is energy 
(kW-hr/hr) required during the melt kneading, M is an 
extrusion rate -'kg/hr}, and V is energy (kW-hr/hr; 
required when the extruder idles. 

Control of the specific energy is mode by screw 
20 arrangement. 

That is to say, if all units ore forwaroi. screws in 
the screw 7 arrangement, the specific eneroy oecoces 
smallest. The specific energy oan tie increased by 
providing reverse screw section, kneading section and 
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barrier ring section. Also by the number of the screw 
rotations, the specific energy can be cnanced. 

In the process for preparing modified polypropylene 
(A2) according t: the invention, at least one kneading 
5 section, preferably owe or mo re kneadine sections are 
provided in the screw arrangement of the twin-screw 
extruder, whereby the polypropylene (B2), the 
peroxydi carbonate . 2> and adoicives optionally added can 
be sufficiently kneaded. As a result, modified 

10 polypropylene in which the gel component is n:t unevenly 
d :str i b u t e d can be obtain e d . 

The heating temperature for the melt kneading os in 
the range of 1^0 to 250°C, preferably 18 3 to 220 °C. When 
the melt kneading is carried out in this temperature 

15 range, the polypropylene (B2i is sufficiently melted and 
trie peroxydi earb cna te yC 1 os completely dec ompo sed . 
H e n ■:: e , t h e i: e s u 1 1 i n g mo d i f i e d pel y p- r o p y 1 e n e i s n o t 
farther changed in the properties in the molding process. 
Toe mo- 1 o kneading tone is in one range of usually 1 0 

20 seconds to 5 minutes, preferably 30 seconds to- 60 seconds 
The thus obtained modified polypropylene ; A2) has a 
melt flow rate {A3TM DI238, 2: J : C, load of 2.16 kg) of 
0.1 to It g/10 mm, preferably 0.2 t: 5 y/10 mm, a melt 
tension -of 3 to 20 g, preferably 5 to 15 g, Mw./Mn , as 

25 determined by gel permeation chromatography, of 
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preferably 5 to 10, Mz/Mw of preferably 2.5 to 5, and a 
gel tract: ion, as determined by boiling paraxylene 
extraction, of 0.01 to 25 % by weight, preferably 0.1 to 
10 j> by weight, particularly preferably 0.2 to 1.0 % by 
5 we i jht . 

The modified polypropylene (A2> prepared by the 
process of the invention has a high ir.e] t oensitn, a 
moderate M FR and a ::el component sufficiently dispersed, 
so that this po 1 ypro>py lene is suitable for mcioinq into 
10 foamed sheets. 

A] so oy the process for preparing modified 
polypropylene ( A2 • according to the invention, the 
rmodifiod p> ol yp r: py j_ene (Al ) can be prepared. 

Pr o c e s s for r: rep aring mod if ie d poly p rop> y lene ( A3 ) 
15 In the process for preparing modified polypropylene 

(A3; according to- the invention, polypropylene (Bl), a 
pol ypr epooiene c ro. a si inking type peroxide (D) and a 
polyp-r op yolone dec: ompos o t ion type peroxide \ E ) are melt 
kneace a . 
20 Polyp r o p _v^o rr (_E^1_ ) 

Examples of the polypropylene (El) include the same 
pclyrreto as icrevi cusly described with respect: to the 
polyp r op ylone ( 2 1 i . 

To the p-olyp ropylene (51), a resin or a rubber other 
25 than the polypropylene (Bl) may be optionally added in an 
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amount not detrimental to the effects of the present 
i nvent i or: . 

Examples of the other resins and rubbers include the 
same resins and rubbers other than the polypropylene (Bl) 
5 as previously described. 

The amount of the other resin or rubber added to the 
p Dlypropy lene (Bl' varies depending upon the type of the 
resin cr rurfcer, and any amount not detrimental to the 
effects of the invention is available, but usually, the 
10 amount is not mere than about 25 % by weight. 

To the polypropylene (Bl), further stabilizers, such 
as antioxidant, uit raves let light absorber, metallic soap 
and hydrochloric acid arserbent, and additives, such as 
nucleating agent , lubricant , plast zer, filler, 
15 reinforcing agent, pigment, dye, flame retardant and 

antistatic agent, may be optionally aolded in amounts not 
detrimental to the effects of the present invention. 
( D) P olyp r opylen e crossl in king typ e _j. > e r ox id e 

The polypropylene c ros s 1 inking type peroxide (CO for 
20 use in the invention is such a perixice that v/hen this 

peroxide is melted together with the polypropylene (Bl), 
the viscosity of the polypropylene Bl i is increased and 
the apparent molecular weight thereof is increased. 
Examples of such peroxides include the same compounds as 
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previously described with respect to the 
p er txydiearb mate (to . 

"f cne ceroxydi :arbcnates, preferable compounds are 
bis ( 4 - t - b a t y 1 c y z 1 ■ :■ h e x y 1 ) p e r y d i c a re > o n a t e , die e t y 1 
5 p e r ■: x y 1 i c a r b en a t e , d xnyristyl per o :>: y dicarb:-nat e , 
d i i s op- r o p y 1 p e r o x yd i c a r b o n a t e , d i - :o - bu t y 1 

pero:-;ydic a rb : nate and bes ( 1 -ethylhexyi ) peroxyd.i carbonate 

If these, particularly preferable are bis (4-t- 
butylcycl >hexyl ) p-eroxydi :arb mate and siicetyl 
10 cere x y d i c a r t :;■ it a t e bee a u s e e f excellent :r :ssiinking 

These polyp: rt pyl ene cr jsalmking type peroxides (D) 
can be used singly : r in stmcinaticn of tw::> :r nore kinds 

The polypropylen-j crossl inking type peroxide (D) is 
15 added in an -mount, of 0.3 to :■ parts by weight, 

preferably C . 5 to 1 parts by weight, based en 130 parts 
by v/ecght of the polypropylene (Bl). 

( I ) y_o Lyp r cp ylen e t ie c om e i s 1 1 i : n type per oxi ie 

The pciyprop y le:te de recap . s i t ic n t ype peroxide (E) 
20 f:>r use in tne invention is such a peroxide that when 

this peroxide is rrelt.erl together with the polypropylene 

(II) , the intrinsic viscosity of the ci lypropylene (Bl) 
is J owered and the molecular weight thereof is decreased. 

Examples if the polypropylene deccmposit ion type 
25 peroxides [E) include ketone peroxides, such as methyl 
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ethyl ketone peroxide and methyl a:etoa:etate peroxide; 
per-:= xy >;e 4 : a Is , su oh as 1 , 1 -ois ■ t-o uoy.] per axy ) -3 , 3 , 5- 
:. rime thy 1 ■; vol : hex are, 1, 1-bis { 1 -buoylp-eroxy ) cyolehexa.ne, 
::-busyl-4 , 4 -bis ( z -boo y lperoxy ■ valerate and 2, 2-bis ( t- 
5 but viper ;o;y i k or one ; hydr :.pe r ex i des , such as perrne thane 
hydroperoxide , 1 , i , 3 , t -t et r ^me'oiylouoyl hy ;iroper: xi :ie , 
di i s -jproryy Iben zene hydrc p e r .: x i ve and oomo ne 
hydr : pe roxide ; dialkyl peroxides, soon as oicomyl 

per: :■: do, 2, 5 -dimethyl -2 , 3- di ir-iyjtylperoxy) hexane, a, ex r 
10 Irs - s-ncsy-lpercxy-m-isop rcpyl ) hen zene, t-b -t y Icumyl 

per: xide, is - t-but y 1 peroxide and 2 , d - drrr e o hy 1-2 , 3 - di ; t- 
tutylper coy hexyne-3; diaoyl peroxides, such as benzoyl 
per oxide ; di ( 3-methyl- 3-mech : xybutyl ■ percxydicarl: : nate; 
and peroxy esters, such as : -butyl per :>:yoctate, t -butyl 
15 per: xyi so! otyrate , t - butyl per: xyl aura te , t-t Litylreroxy- 
3, 5, 5 , -t r: met hyihex = no ate , t-butyi 
per : xyr sop.-ropyl oarbonate, 2, 5-dine t hyl-2 , 3- 
di !ben;:oy::eroxy! hexane, t-botyl oeroxyacetote, t-butyl 
per: xybenz : ate an d d i- t-bu t y 1 peroxy: soph t ha ia te . 
20 I)f the polypropylene deoo-nposit ion type peroxides 

(E), dsaikyl peroxioles are preferable. Of these, 2,3- 
oime t nyl -2 , 3 - oii t t-bu ty lne roxy ) hexane i s particularl y 
preferable because sf low dec smposi ciou temperature of 
the peroxide and development of less decomposition odor. 
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These polypropylene decomposition type peroxides (E) 
can be used singly or in combination of :wo or more kinds 
The polypropylene decomposition type peroxide ( E ) is 
added in an amount of preferably 0.001 to 0.5 part by 
5 weight, more preferably 0.C0 5 to 0.2 part by weight, 

based on 100 parts by weight of the polypropylene (Bl). 

When the polypropylene decomposition type peroxide 
(E) is added in the above amount, satisfactory modifying 
effects on che rlowabilicy of the modified polypropylene 
10 (A3} by the polypropylene decomposition oype peroxide (E) 
are obtained, and problems that the MFR of che modified 
polypropylene (A3) os too highly increased and the melt 
tension is lowered to deteriorate crosslinking foaming 
properties of the modified polypropylene ;A3) are not 
15 brought about. 

In the present invention, the polypropylene (Bl), 
the polypropylene crcsslonking type peroxide (D) and the 
polypropylene de oomp : si t ion type peroxide (E) are melt 
kneaded, and in this melt kneading, a vinyl rno-ncmer may 
20 be present, when needed. 

Examples of the vinyl monomers that is used in the 
invention when needed include the same monomers as 
previously des or ibed . 
Preparation process 
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In the present invention, the polypropylene (Bl), 
the polypropylene crosslinking type peroxide (E>) , the 
polypropylene cie compos! Lion type peroxide (E) and other 
additives optionally used are first mixed by a ribbon 
5 blender, a tumbling blender, a Henschel mixer or the like. 
Then, the mixture of the polypropylene (Bl), the 
polypropylene crosslinking type peroxide (D) , the 
polypropylene decomposition type peroxide (E) and other 
additives ;ptionally used is melt kneaded to obtain 
10 modi free po lypropg/lere . 

Examples of the melt kneading devices adoptable 
include kneading machines, such as co-kneader, Banbury 
mixer, Brabender, single-screw extruder and twin-screw 
extruder; horizontal stirrers, such as twin-screw surface 
15 replacement machine and twin-screw multi-disc device; and 
vertical stirrers, such as double helical ribbon stirrer. 

Of these, the twin-screw extruder is particularly 
preferable because sufficient kneading is feasible and 
the productivity is excellent. in order to homogeneously 
20 and sufficiently mix the components, the melt kneading 
may be carried out plural times. 

The heating temperature for the melt kneading is in 
the range of 1 € 0 to 2 50°C, preferably 170 to 220°C. When 
the melt ^nead:ng is carried out in this temperature 
25 range, the polypropylene (Bl) is sufficiently melted and 
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the polypropylene crosslinking type peroxide (D) and the 
polypropylene de o omp js 1 1 i : r typo per:xioe (Ho are 
completely oeeomposeo. Hence, the resulting modified 
po lypropylene -A3i is n:t further changed in the 
5 properties :n the moloing prooess. The melt kneading 

time is or. the range of usually 10 seconds to 5 minutes, 
preferably : 0 seconds to 60 seconds. 

The thus obtained modified polypropylene (A3) has a 
noit flow rate ( AS To' D1238, 2 30 °C, b.aoi of t.16 kg) of 
10 preferably C.l to It g/10 min, a melt tensioot of 
preferably o to- TO g, Mw/Mn, as determoned by gel 
permeation chro rr.a t og raphy , of preferably 2 to- .5, and a 
gel fraction, as determined by boiling paraoviene 
extract:::., of preferably 0.1 to 1-1 ; - by weight. 
15 Also by the process fc-r preparing modified 

polypropylene ;Ao ■ according the to invention, the 
m oiified p : 1 yyropy lene (Al) con be prepared. 

Pr oce ss f o r prep ar ing mod if i ed pol y pr <op y 1 e n e ( A 4 ) 

In the: tr tcess for preparing roooofieo polypropylene 
20 (A-1) ac ooroiing to the invention, the polypropylene (Bl) 
and a polypropylene irross linking type peroxiole (D) are 
molt kneaded, and then the resulting kneadate and a 
po lypropylene decomposition type peroxide (E) are melt 
kneaded . 

25 (y- Polypropylene crosslinking t y pe peroxide 
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The polypropylene or os s 1 in king type peroxide (D) for 
use in the invention is such a peroxide that when this 
peroxide is melted together with tne polypropylene (HI), 
the intrinsic viscosity of the polypropylene (El) is 
5 increased and the appaiem molecular weight thereof is 
increased. Examples of s.ch peroxides include the same 
compounds as previously described with respect to the 
p er rxy oicart onace [Z\ . 

Of the peroxydicarb mates , preferable compounds are 
10 h is ' i -t-buty : cy siohexyl ) percxy clicirbonate, dicetyl 
per ox yd icarbona *:e , dimy r i s ::y 1 perc xyci car be n a t e , 
d i i s o p r o p y 1 p e r o x y d i c arbonate, d r - n - b u t y 1 

per .ox yd! car b : naoe a no bis ' 2 -echy ihexyl ) per c xyciica rbenate . 
Of these, particularly preferable are bis(4-t- 
15 tutylcyclohexyl ,■ peroxydrcarbonate and dicetyl 

peroxydicarb .naoe because of excellent s rc s s 1 in king 
effect . 

These polypropylene cross! inking type peroxides (D) 
can ne used ernoly or in comb dilation of too: or more kinds. 
20 The polypropylene c rc-ss 1 in kin g type peroxide (D) is 

added m an amount of preferably 0.3 oo 5 parts by weight, 
more preferably C.5 ro o pros by weignt, based on 100 
parts by weight of oho polypropylene ;Bi). 
(E) Polyprc pylene decomposition type peroxide 
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Examples of the polypropylene decomposition type 
peroxides (E) for use in the invention include the seme 
compoun :is as previously described . 

Of the polypropylene decomposition type peroxides 
5 ( E ) , dialkyl pe r ooci des ere preferable. Of these, 2,5- 
dimethyi-i, 5-cii (t-b'Jiylpero>:y! he:-:ane is particularly 
preferable hecause of low decomposition temperature of 
the per:x.i.oe and development of less decomposition odor. 

These p o 1 y p- r c p y 1 e r i e deccrrpositio n t y p e p e r o x i d e s ( E ) 
10 can be used singly or in conbination of two or more kinds. 

The polypropylene decomposition type peroxide (E) is 
added in an amount of preferably 0.001 to 0.5 oart by 
weight, more preferably 0.005 to- 0.2 part by weight, 
based on 100 parts by weight of the polypropylene (Bl). 
15 When the polypropylene decomposition type peroxi.de 

■E) is added in the above amount, satisfactory modifying 
effects on the flowabiiity of the modified polypropylene 
f'A4) oy the polypropylene de :;omp os i t ion type peroxide (E) 
are oooaineol, and problems tnat the MER of the m:iified 
20 polypropylene (A4 ) is too highly increased and the melt 
tension is lowered to deteriorate crosslinking foaming 
properties of the modified polypropylene (A4) are not 
hro ught at out . 

in the present invention, the polypropylene -Bl) and 
25 the polypropylene crosslinkmg type p eroxide ( E) are melt 
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kneaded, and then the resulting kneadate and the 
polypropylene decomp>-jsi:ion type peroxide (E) are melt 
kneaded. In this melt kneading, a vinyl monomer may be 
present when needed. 
5 Examples of the vinyl monomers that is used in the 

invention when needed include the same monomers as 
previ c usiy desor ibed . 
Prep a ratten process 

In the present invention, the polypropylene (El), 
10 the polypropylene crosslinking type peroxide (D) and 
other additives optionally used are first mixed by a 
ribbon blender, a tumbling blender, a Henschel mixer cr 
the like. 

Then, the mixture if the polypropylene 131), the 
15 polypropylene crosslinking type peroxide (D) and other 
additives optionally used is melt kneaded to obtain a 
kneadate '''partially crosslinked polypropylene) . This 
melt kneading is tarried out in the absence of the 
polypropylene decomposition type peroxide ; E ) . 
20 Examples of the melt kneading devices adoptable 

include kneading machines, such as c:-kneader, Banbury 
mixer, Braoender, single-screw extruder and twin-screw 
extruder; horizontal stirrers, such as twin-screw surface 
replacement machine and twin-screw multi-disc device; and 
25 vertical stirrers, such as double helical ribbon stirrer. 




SF-771 

36 

Of these, tne twin-screw extruaer is particularly 
preferable because sufficient kneading is feasible and 
the productivity is excellent. In order to homogeneously 
and sufficiently mix the components, the melt kneading 
5 may be carried eat plural times. 

The heating temperature for the melt kneading is in 
the range of 1 6 j to 200 D C, p-referabiy 170 to 220°C. When 
the melt kneading is carried out in this temperature 
range, the polypropylene i'31) is sufficiently melted and 

10 the Crosslin kin.: aoent is completely dec:: mp oseci . The 

melt oneadirio tome os on the range of usually 10 seconds 
to 5 minutes, preferably 30 seconds to 60 seconds. 

In the p-resent invention, the resulting kr.eadate and 
the po ■ ypropylene decomposition type peroxide (E) are 

15 then melt kneaded. By this treatment, modified 

polypropylene { A 4 ; having proper melt properties and 
capable c>i boiru; taken off as a strand tan oe :ctained. 

AI tno'ch melt kneaoinc or tho kr.eadate and the 
po 1 ypr: pyi-r- deocop jsiaion type peroxide i E ) can be 

20 carried out by any method, it is preferable to melt knead 
the po 1 ypr<.»pylene ■;£!) and the polypropylene erosslinking 
typo- port'Xi.ae (10- and then add the po 1 ypr opylene 
decomposition type peroxide (E) to the kneadate in a 
state where the kneadate is still molten to perform melt 

25 kneading. 
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More specifically, using a twin-screw extruder 



equipped v;ith at leas' 



kneading secticr..?, a mixture 



■f the 



polypropylene ;B1) and toe polypr cp y iene 



sslinkinc t yp>e peroxide (CI 



^d throuorh 



aopper 



and melt kneaded. On the other hand, the r :iypropylene 
decomposition typ>e peroxide fE) is ted through a side 
feed opernno pr :viced at the intermediate petition 
(between one kneadin q section and tne other kneading 
sootimo' of the extruder to thereby add the peroxide (E) 
t : the molten kneadaoe of the polypropylene {BD and the 
p : lypr :p y.l ene crc ssl.Lnk in j type peroxide followed by 

further nnelc kneading . 

Tne side feed of the polypropylene decomposition 
type porcxide ■ E ) can be usually carried out by an 
autofeeder . The polypropylene decomposition type 
peroxrde ;e; may be on one form of a soled powcier, a 
solute on obtained by (dissolving the peroxide in a solvent, 
or an -miulsoori -brained by dispersing ohe peroxide on 



Tne heating temp-era t ure for melt kneading one molten 
kneads* e of the polypropylene -.HI) and the polypropylene 
crossl : nkin:: type peroxide (J) with the polypropylene 
olemomp- ■ s 1 1 i-on peroxide -E) is in the range of 100 to 
210 C C, preferably 17 j to 220 °C. When tne melt kneading 



1 s 



r.arried out in this temperature range, the kneadate is 
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sufficiently melted and the polypropylene decomposition 
type peroxide E) is completely decomposed. Hence, the 
resulting conip jsi:icn is n:t further changed in the 
properties in the molding process. The melt kneading 
time is in the range of usually 13 sec: nds to 5 minutes, 
preferably 10 seconds to 00 seconds . 

The tnus obtained modified p>o lyp r c p»ylene (A4 .- has a 
melt fl:w rate '.A3TM j123£, 230°C, load of 2.16 Kg) of 
preferatly 0.1 to 11 g/10 n:ir, a melt tension c-f 
preferably .:■ to 23 g, Kw/Mri, as determined by gel 
p e r m e a t i on c n r oma t o g r o p h y , of p r o f e r a b 1 y 2 t o 5, and a 
gel fraction, as determined by boiling paraxylene 
extraction, of preferably 1.1 to 10 1 by weight. 

Also ;: y the process for preparing modified 
polyp'rop ylene (Al ■ according the to inventicn, the 
modified p ol ypr : pg/lene (Al : can be prepared. 

] -i9 ^if i e d podyp-r op ylene o ompos 1 1 1 o_n ( Fl ) 

The rroooified polyprr oylor.e composition ■ Fl) 
accordir^: t ::■ the rnveotior. is obtained from the foliowin 
P'O lyp ropy lone (~2: and the aforesaid modified 
polypropylene (Al 1 . 

(Al) Modified p o lyp r opyle ne 

Although the modified polypropylene i Al ) preferably 
used in the invention is o. n e O' b t a i n e d by the aforesaid 
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process, the modified polypropylene (Al) may be one 
obtained by me: : kneading the following polypropylene 
lET) and the a foresaid per :xy:o :ar;:onate fli through the 
above-mentioned method. 
5 In the melt one a di :~i g , the r er : xydica ::o: nate (u) is 

aooied in an am:unt of preferably 0.1 to 10 parts by 
we: iu, more preferably 0.5 to 5 parts by weight, based 
on 100 parts by weight of the polypropylene i.B3) . 

When the per oxy d i ca ::bonat e ( o ; is acided in the aoove 

10 amount, satisfactory modifying effects are obtained, and 
problems soon as deterioration of foaming properties oiue 
to- production ou~ excess gel oomponent, deterioration of 
fo-cd hygienio qualities of the modified pelypropylane 
(Alo ioy the deco-my-os o t i on pre duct of peroxide, and 

15 development of odor are not brought about . 

In the melt Kneading of the polypropylene (E3"; and 
the peroxy :ii oarioor.au e (ui , the aforesaid vinyl monomer 
may lee present when needed. 
UiliT__ i'Q lypropyl ene 

20 The polypropylene ; 1 3 ) (starting material) for' use 

i n t lie in v -a ntic u o s a. propylene hen o p c 1 y m e r o r a 
copolymer of propylene and at least one a-olefin selected 
from a-olefins of 2 to it carbon atoms other than 
propylene. The polypropylene (E.l is non-cresslinked or 

25 substantially n^n-cross linked po lypr opylene . 
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examples of the a-ol-ef ins of 2 t j 2 1> carbon atoms 
otner than propylene include the same a- olefins as 
previously described. Of tnese, preferable is ethylene 
or an a-olef in of 4 to 10 carbon atoms. 
5 These tx - o .1 e f i n s ma y f o r m r a n d sun .: o p o 1 yme rs or b 1 o c k 

copolymers together wot hi propylene . The constituent 
u nits ieri v e :i f r o> m thes e a -'olefins it. a y b e o o n t a i red i n 
the p olyp ropy lerie on amounts of not more than : %, 
preferably not more than 2 . 

10 The melt flow rate (AS7M D1233, 22.',°C, load of 2.16 

kg) of the polypropylene (B3) is in the range of usually 
1 to 22 g/10 mi::, preferably 1.5 tc 10 g/lo min, and the 
Mw/Mn, as determined by gel permeation chromatc graphy 
(0? r ) f is in the range of preferably 4 to 3. 

15 r " o the polypropylene (E3), a resin or a rubber other 

tnan one polypropylene (33) may be optionally added in an 
amount not detrimental to the effects of the present 
invent i o n . 

Examples of the other resins and rubbers include the 
20 same resins and rubbers other than the polypropylene (Bl) 
as previously described. 

The ameunt of the other resin or rubber addea tc* the 
polyprc pylene (B3) varies depending upon the type of the 
resin or rubber, and any amount not detrimental to the 
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effects of the invention is available, but usually, the 
amount is not more than about 25 % bv weight . 

To the polypropylene (33), further stabilizers, such 
as antioxidant, uloravirlet light absorber, metallic soap 
5 and hydrochloric aoid absorber.-:, and additives, such as 
.nucleatinq agon:, 1 ul: r ioar.t , plasticizer, filler, 
reinforcing agent, pigmeno, aye, flame retardant and 
antistatic agent, may be ;ptionally added in amounts not 
detrimental to the effects of the present invention. 
* 0 C pro p ositi p n 

The modified polypropylene composition (Fl) of the 
invention oomp-rises the polypropylene- (B3) and the 
modified p o 1 yp r c-pyl one :A1) . 

In the modified polypropylene ccoiposition (Fl), the 
15 blending proportion.? of the polypropylene (B9) ana the 
modified polypropylene (Al) are as fpllov;s. The 
c propositi :n ;F1) contains the polyprc-pylene (33) in the 
range of 9 ) to 1 ^ by weight, preferably, SO to 1 % by 
weight, particularly prefer at ly 20 to b v by weight, and 
20 the modified polypropylene (Al) in the ronge of 1 to 99 % 
by weight, preferably, 50 to 99 9 by weight, particularly 
preferably, 89 to 9 : ' by v/eight. The total of the 
components (B3) anoi (Al; is 100 9 by weight. 

The modified polypropylene -;A1) generally tends to 
25 have a lev; melt flow rate and a high melt tension, so 
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that it is preferable tc u.se, as the polypropylene :'B3), 
ncn-crosslinked polypropylene usually having a higher MFR 
and a lower mel: cerisico. than those of the mcdifieo 
polypropylene -'Al ) , the ugh it depends upon the properties 
5 of the modified polypropylene (Al) to be blended. 

The modifieo p-olyp-r o-py iene composition of the 
invention oau be prepare?; by mixing the polypropylene 
(E3) with the modified polypropylene (Al* by, for example, 
a ribfcer. blender, a tumbling blender or a Henschel mixer. 
10 The modified polypropylene composition of the 

invention oan be prepared also loy melt kneading one 
polypropylene (33; and the modified polypropylene (Al :■ by 
the use of a melu kneading device. Examples of the melt 
kneading devices include Kneading machines, such as co- 
15 kneader, Banbury mixer, iirabeneler , single-screw extruder 
and twin-screw extruder; horizontal stirrers, such as 
twin-screw surface repla cement machine and twin-screw 
multi-disc device; and vertical stirrers, such as dourcle 
helical ribcon stirrer. 
20 Because of its nigh melt tension and moderate MFr , 

tne modified polyprooyleno compos i t ic-n of the invention 
is favorable as a starting material to produce a foamed 
produce, particularly a foamed sheet. Further, from the 
modified polypropylene composition of the indention, a 
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foamed product having excellent appearance can be 
produced . 

Modified pc lypropylene c omposit i on t F2 ) 
The modified polypropylene composition ( F2 ) 
5 according to the invention is obtained from the following 
high-pressure lew-density polyethylene (G) and the 
aforesaid modified polypropylene 1A1) . 
( G ) H ig h-pressure l o w- dens i zy polyeth ylene 

The hioh-pressure lew-density polyethylene (G) for 
10 use in the invention is a polyethylene produced by a high 
pressure meihod having a large number c*f branches 
including long-chain branchs, which is prepared bv 
radical polymerization at a pressure of 100 kg/cm ; - in the 
presence of a peroxide, namely, so-called high-pressure 
15 radical polymerisation. 

The high-pressure lew-density polyethylene (G) has a 
melt flow rate (MFR), as measured at 190°C under a load 
of 2.16 kg in accordance with ASTM D123 8, of 0.01 to 100 
c/10 min, preferably 0.01 to 10 g/10 min, and a density 
20 of 0. 910 to 0. 930 g/cm 3 . 

The density is determined in the following manner. 
A stran:! obtained in the MFF" measurement at 190 C C under a 
load of 2.10 kg is heat treated at 120 C C for 1 hour and 
then slowly cooled t< _ » room temperature over a period of 1 
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hour, followed by measuring the density by a densitv 
gra jie n - tube. 

The high-pressure low-density polyethylene 3 ) has a 
swell ratio of preferably not less than 1 . 1 . The swell 
5 ratio indicates degree of long chains and is a ratio 
(Ds/D) of a strand diameter ■: Ds ) r.o a nozzle inner 
diameter (I), said strand being extruded from a nozzle 
having an inner diameter (J) of 2 . C mm and 3. length of 15 
rr.m usin:; a capillary flew property tester under the 
10 conditions of a temperature of lii'O'C and an extrusion 
rate of 10 mm/min. 

The high-pressure low-density polyethylene [7) may 
be a copolymer with a po 1 ymer i z abl e monomer such as 
another oc-olefin, vinyl acetate or an acrylic ester, 
15 within "omits not detrimental to the oh-- ecus cf one 
i nvention . 
C om p o si ti o n 

The modified polypropy lene composition : Fl ) :f the 
invent! on oo»mpr ises the hi on-pressure 1 ow-densit v 
20 polyetnylene ( G : and the modified polypropylene ,A1) . 

The blending pr op ort ions cf the high-pressure low- 
density polyethylene (7) a rod one modified polypropylene 
(Al) in the modified polypropylene composition ( Fl ) are 
not specifically limited. However, m order to- obtain a 
25 conposition of excellent foaming properties that is an 
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object of the invention, the composition ( F2 ) contains 
the nigh-pressure low- density polyethylene ( ji in the 
range oh preferably 5C to 1 % by weight, particularly 
preferably 10 tj 5 I by weight, and the modified 
5 polypropylene (Al) in the range of preferably : 0 to ~ J 9 % 
by weight, particularly preferably 8 0 to it o 1: y weight. 

It is preferable' tc use, as the high-pressure low- 
density polyethylene (G) , high-pressure low-density 
polyethylene having a lower MFF than that of the modified 

10 pO'lyprop y iene (Al), though it depends upon the properties 
of the nidified polypropylene (Al; to be blended. 

By the use of the high-pressure low-density 
polyethylene (Oh;, molt properties of the modified 
polypropylene c imposition (Ft; , mildability thereof into 

15 a foamed sheet and appearance of a foamed sheet, etc. are 
imp ro ve a . 

The mo'difio-d p ol ypro-py 1 ene compos i 1 1 on - F2 ; of t.he 
invent i; i. ran be prepared oy mixing the high-pressure 
low-density polyethylene > ]i with the modified 
20 polypropylene (Al) by, for example, a ribbon blender, a 
tumbling blender or a Hensihei mixer. 

Tin- modified p " 1 yp>r : t'y lene tampons i 1 1 o n { F2 ) of the 
invention ran be prepareoi also by melt kneading tne high- 
pressure low-density polyethylene 'G) and the modified 
25 polypropylene (Al) oy the use of a melt kneading device. 
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Examples of the melt kneading devices include kneading 
machines, such as :o-kneader, 3anbary mixer, Brabender, 
single-screw extruder and twin-screw extruder; horizontal 
stirrers, such as twin-screw surface replacement machine 
5 and twin-screw mulci-diso device; and vertical stirrers, 
such as double helical ribbon stirrer. 

In one ab ive mixing or melt kneading, a resin or a 
rubber previously exemplified as the resin or the rubber 
which may be added to the modified polypropylene (Al) may 
10 be added in an amount net detrimental to the effects of 
the present invention, f r example, in an amount of net 
more than 2 5 % by weight based on tne total of the high- 
pressure low-density polyethylene ! - 2 ■ and the modified 
polypropylene (Al;. In the mixing or melt kneading, 
15 further, additives previously exemplified as the 
additives which may be added to the modified 
polypropylene (Al) may be added in amounts not 
detrimental to tne effects of the presen: invent i.on. 

Fo a med p rogue t 

20 Tne foamed prsduot according to the invention is 

obtained from any one of the modified polypropylene (Al), 
tne modified pclyprcpyler.es i A2 ) , (A3) and (A4) obtained 
by the aforesaid processes for preparing modified 
polypropylene, and tne modified polypropylene 

25 compositions (Fl) and • F.. • . 
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A process for producing a formed product using, as 
one example, the modified polypropylene iAl) is described 
below, tut also from any of the modified p olyprooy lenes 
(A2), ;Ai) and f A4 ) obtainec by the aforesaid processes 
5 for preparing m:dified po lyp r opy 1 ene , ana the modified 
polypropylene compositions ( F] ) and ( F2 ) , a foamed 
produce ran be prcoucei in a similar way. 

For producing a foamed product from the modified 
polypropylene (Al), ohe follow: ng two processes can be 
1 0 g i v en ~ s m a o n e :< a oples . 

(1) The modified polyp r opy lene (Al) prepared by the 
above process, a decomposable blowing agent, and if 
desired, ooher additives are melted by heating to perform 
foam mcldm g . 

15 (2) Inco the modified polypropylene (Al) in a molten 

state, a volatile blowing agent is injected, followed by 
extrusion molding using ~:i extruder, to obtain a formed 
product . 

The decomposable blo-wing agent useoi in the process 
20 (1) is a compound wnich is decomposed to generate a gas 
such as rartonic acid gas or nitrogen gas, and may be an 
inorganic, blowing agent or an organic blowing agent. In 
the use of this blowing agent, an organic acid to promote 
generation of a gas may be used in combination. 




SF-771 

48 

Examples of the decomposable blowing agents include 
the f allowing compounds . 

[a) Inorganic ;:1oai:^ agents: 

s odi um bo. c ark oioace , s od i urn carb : nat e , ammonium 
5 bicarbonate, ammonium carbonate, ammonium nitrite, citric 
acid and soziium citrate; 

-. i ; 'organic blowing agents: 
:I-nlorc»so compcunds, such as N,h'- 
din it r :: so t erepht ha 1 amide and N,N' - 
10 di n it o : so pent arnet h y .1 ene t e t r amine ; a z :■ compounds , such as 
a z odi n rl: on amide , a z ob i s i so batyronit rile, 
a no* eye ohexy 1 roori; e , a o o>di amonokenzene and ba r ium 
a modi o a rb o xyl ate ; su 1 olonyl hydra zide com.pc unds , su ch as 
benzenesul f onyl hydr a z ode , toluene sul f c nyl hydra zide , 
15 p,p T -oxybis ( b en zenesul fonv Ihydra zi de , and 

diophenylsulroue-3, 1 ' -disulf onyl hydrazide; and azide 
compounds, su:h as calcium azide, 4 , 4 1 -diphenyidisulf onyl 
azide :U"id p-t o luenesulrlonyl ; : :zide. 

Co the above ooompounds , carbonates or 
20 hydrogenca rbona tes such as sodium hydrogenbi carbonate are 
preferable! . 

These decomposable; b.] owing agents can be used singly 
or in co-mbination o f two- or more bonds. 

7-.lo hough the addition amount (kneading amount) of 
25 the decomposable blowing agent is selected according to 
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the type of the blowing agent and the desired expansion 
ra:io, one amount is preferably in the range c>f 0.5 to 
IID par:s by weight tesed on ICC parts by weight of the 
modified, polypropylene (Al i . 
5 To control the cell diameter of the foamed product 

to a proper size, a foam nucleating agent such as an 
organic oarboxylic acid (e.g., citric acid) or talc may 
he used in coobinatien. 

The foam nucleating agent optionally used is added 

10 in an amount of usually 0.01 to 2 parts by weight, 

preferably 0.01 too 1 part by weight, based on 100 parts 
by weigho of the modified polyp re pylene (Ai). 

In the above process i 1 ) , the modified polypropylene 
(7'il) and the decomposable blowing agent are 

15 simultaneously fed to the melt extruder and melt kneaded 
at an appropriate temperature to thermally decompose the 
blowing agent and thereby generate a gas. Then, the 
molten modifier: poiypr op yl ene containing the gas is 
doscharoed from, a die to orotain a teamed product. The 

20 melt kneading temperature and the melt kneaaing time in 
this process are appropriately selected according to the 
blcwir.g agent and the kneading conditions used, and 
usually, the melt kneading temperature is in the range of 
170 tc 30! °C and the melt kneading time is in the range 

25 of 1 to 60 minutes. 
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In the above process (2), a volatile blowing agent 
can be used as the blowing agent. 

Examples of preferred volatile blowing agents 
include aliphatic hydrocarbons, such as propane, butane, 
5 pentane, nexane and heptane; alicvcli : hydrocarb :os , such 
as sycl oba tane , cyclopant ane an d oy el oh ex a no ; halogenat ed 
hydrocarbons, such as ch 1 eroaif luo>romet hane , 

di f luor ome thane , t r i f luo r erne thane , trichlor of 1 ucrome thane , 
d i c n 1 o romerha n e , d i c h .1 ■ o r o flucrome r. h ane, 

10 dich lor-od i f lu or ome thane, t r o chl or o f 1 uc r omehane , 

ch lor ome t r: ane , cool : roe th ane , di ch 1 orctri f iu or oe thane , 

di chl -or of 1 uoroethar.e, ch 1 ore c i f luor oet hane , 

d i z h 1 -o r op e n t a f 1 u ■:■ r ■:■ e t h a n e , t e t r a f V u o r c e t h a. n e , 

di f luo roe th ane , :: en t a f luo roe thane , orofiu oro-e thane , 

15 dichlorctetra f luor oet hane , t rich 1 ore tr if luor oet hane , 

tetraohl : rodi f luo rc ethane , chl or opeutaf lu : re ethane and 
pert luorocy olobutane; rr-.rgani: gases, suoh as carbon 
dioxide, nitrogen and air; and water. Those volatile 
blowing agents can be us-_;d singly or on combination of 

20 two or more kinds. 

Although tne addition amount 'kneading amount) of 
the v olatolo lo 1 o w i n g a e :\ t in the process t 2 ; v arie s 
depending upon the type of the blowing agent and the 
desired expansion ratio, the amount is preferably in the 
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range of 0.5 to 100 parts by wei gnt based on 100 parts by 
weight of the modified polypropylene (Al ) . 

In the process (0), the modified pe-lypro^pylene (Al) 
is melted in an extruder, then the volatile blowing agent 
5 is injected into the extruder and kneaded with the molten 
imodified polypropylene (Alj with Keeping the extruder at 
a high pressure, and a kneadate of the modified 
polypropylene (Al ) and the volatile blowing agent having 
been sufficiently kneaded os extruded from a die, wnereby 

10 a foamed product can be produced. The melt kneading 

t emp e r a t u r e a n d t h e me 1 1 kn e a d i n g tome on this process 
are appropriately selected according to the blowing agent 
and one kneading conditions used, and usually, the melt 
kneading temperature ^s in the range of 130 to 300 °C and 

15 the melt kneading time is in the range of 1 to 120 
mi nut es . 

In any of the process (1) and the process (2), a 
foamed product can be produoed by melting the startong 
mo. terial in an e xtru d e r and d i s o h a r g i n g t h e n oo 1 1 e n 

20 material containing foamed sells fr - >m a 7-olie or a 

tubular die to mcd.d it into; preferably a sheet. When the 
molten material is discharged from tubular die, the 
resulting tubular sheet is usually out to give one tor 
plural sneets, and then the one or plural sheets are 

25 flattened and taken -off. 
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The density of the foamed product of the invention 
is in the range of preferably 0.09 t :■ 0.6 g/'cm 3 , 
particularly preferably 0.15 to 0.3 g/cm 3 , because the 
foamed product navinc such a density is excellent in the 
5 lightweight properties, heat insulating properties, 
cushioning properties against external stress or 
compression strength. Therefore, the expansion ratio of 
one modified polypropylene (Al ■ is on the range of 
preferaoly 1.1 to 10 tomes, particularly preferably 1.6 

10 to 6 times. 

The closed cell ratio of the foamed product of the 
invention is in the range of preferably not less than 
50 l r more preferably not less than 70 r because the 
itemed product having such a closed cell ratio is 

15 excellent in the heat resistance, cushioning properties 
against external force and compression strength , 

3y the process fo>r preparing a foamed product 
a o c o r d i n g to t n e on ve n t o on, f o a me d p r o ci u o t s of various 
shapes can be produced. Examples of the shapes include 

20 p. Late shape such as sheet or hoard shape, hollow shape 
such as tubular or bag shape, pi 1 la r-1 i. xe shap>e such as 
cylindrical, elliptic cylindrical, prismatic r.r strand 
shape, and particle shape. 
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The modified poiypropylenes (Al) tc \A4) have a high 
melt tension and a moderate MFR, so that they are 
particularly suitable for molding into foamed sheets. 
The foamed sheets produced frim the modified 
5 polypr 1-5cyler.es (Al> to (A4., and toe modified 

p : lypro-pylere comp : 5 i z ior. s ( Fl ) ano ( F2 ) have excellent 
f orrnabi 1 i t y , ano from the foamed sheets, a great number 
c: trays or ohe like can be produced by heat pressure 
f ermine or vacuum firming. 

10 The foamed product of the invention is lightweight, 

highly rigid and excellent in chemical resistance and 
fcod hygienic qualities, so that it can be vised for food 
packaging containers and trays, particularly containers 
of noodles or ice cream and trays ::>f fish or meat, for 

15 which polystyrene has been heretofore used. 



The present invention is further described with 
reference to the following examples, but it should be 
20 construed that the invention is in no way limited to 
z h o s e e x a mo 1 e s . 

The- melt flow rate (MFF i is a value measured ao 
2?0°C under a load of 2.16 kg in accordance with the 
method of ASTM E-123&. 



EXAMPLE 
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The melt tensi:n is a value of a take-up* load if a 
pulley equipped with a load cell, that is measured by a 
melt tension measuring device (manufactured by Toyo Seiki 
Seisaousht K.K.) under the cc-nditions of an orifice 
5 ha vine L ■: f 3.0 0 mm and o of 2.0 95 mm, a preset 

temperature :f 200°C, a pistcn fall race of 30 mm/rrin and 
a take-up race of 4 mm/rrin. 

Mw, Mn and Mz are values measured by the use of GPC 
(qel permeati or; chrcmatography) . For example, a machine 

10 of iSOC model manufactured by Waters Co. equipped with a 
column PlmixeoE cf Polymer Laboratories Co. is used, the 
measuring temperature is 135 °C, c -dichlc robenzene is used 
as a solvent , a sample having a polymer concentration of 
0.15 % by weight is fed on an amount of 400 ul, and 

15 standard polystyrene is used, whereby a (calibration curve 
is formed. From the calibration curve, Mvj , Mn and Mz are 
determined . 

The gel fraction is determined in the following 
manner. A sample: or about 2 g is placed in a wire mesh 
20 of #400 mesh and extracted for 6 hours under boiling 

paraxylene reflux to measure a weight of the residue in 
the wire mesh. tsing the measured weight, the gel 
fraction is calculated from the following formula. 
Gel fraction ( t ) = 
25 (Weight of residue (g) /Charge weight (g)) >: 100 
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In the following examples, the foamed sheets 
obtained were evaluated on the expansion ratio, 
appearance, shape of cell, fc>rmabiiity (vacuum 
formabilicy) and uniformity of cells in the following 
5 manner . 

.§Ar et app e arance 

The sheet appearance was visually observed and 
evaluated based on the following criteria. 

A: Neither unroamed part, unevenness nor corrugation 
10 is observed. 

B: An unf earned part, unevenness and corrugation are 
observe d . 

E xpans io n ratio (M ;_ 

An apopareno density (D) was calculated from the 
15 weight anoi the volume determined by the submerging method. 
Using the apparent density (D) and a true specific 
gravity (0.90 , the expansion ratio was calculated from 
the formula M = 0 . .30/ D. 
Shape of _c ell 

20 SEM observation of a section of toe foamed sheet was 

made to observe the cells. A cell present independently 
from one adjacent cell was evaluated as "closed", and a 
cell connected to the adjacent cell was evaluated as 
"open" . 

25 Formability 
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Using a mold capable of vacuum forming to produce 3 
cups having diameter of 5C mm and depths of 30 mm, 4 0 mm 
and 50 mm at the same time, a sheet was heated at 160 °C 
for 2 minutes and then subjected to vacuum forming. The 
shapes of the resulting cups were evaluated by the 
following 2 ran.<s. 

A: good 

E: bad 

The appearance of the resulting cups was evaluated 
by the following 5 ranks. 
A: go:d 

B: sl-ghtly good 

C : a ve rage 

D: slightly bad 

S: bad 
Uni f o unit y o f cells 

From the center of a foamed product, a sheet having 
a thl ::kness of 300 urn was cut out in the width direction. 
Uniformity of the cells and uniformity of wall 
thicknesses cf the cells in the sheet were observed and 
evaluated by the following 5 ranks. 

A: excellent 

3: good 

C : a ' * * e r a g e 

D: slightly bad 
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Example 1 

100 P^rts by weight of a propylene homopclymer 
5 made name: J104, available from Grand Foiymer To., Ltd., 
MFF: 8.0 g/10 min, sometime.? referred tc as 
"pclyprop'Vlene (a)" hereinafter) and 1.0 part by weight 
of bis ■ 4 - c -fc ut yl :yclohexyl ) per :>xy di :a rh cnao e ( tra de 
name: Per lead :>x 10, available from ?;AYA?;t AK20' K . K . j as a 

10 peroxide were me.lt kneaded by a twin-s::rew extruder of 
the same rotational direction perfeoo engagement type 
{ ?!ZW25-30M3, manufactured by Technovel K . V. , screw 
diameter: 31 mm , L / D = 30) under the c o n d i t i c n s o f a 
resin temperature of 190 °C and a screw rotational speed 

15 of 150 rpm (mean residence time: 30 seconds), and the 

kneaoaoe was melt extruded to obtain pellets of modified 
po'lypioopy lene (1) . 

The MFF. ana melt tension of the pellets of the 
modified polypropylene (1> were measured icy the aforesaid 

20 method?, and the gel fraction thereof was calculated by 

the aforesaid method. The results are set forth in Table 
1, in which a molecular weight dist r ibut hon of the 
modified polypropylene (1) is also set fourth for 



25 
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Examples 2 and ? 

M:dified polypropylene (2) and modified 
p :>lypr-: pyl ene {2-) were obtained in the same manner as in 
Example 1, except that the amount of the peroxide was 
5 chancre :i to each of 1 . f parts oy weight and Q.5 part by 
weight. The results are set forth in Table 1. 

C o mpa r a t i v e Ex am p.' le s 1_ _a rid 2 

Mo ii fled polypropylene (4) and modified 

10 po lyp'i'o pyl ene it) were obtained in the same manner as in 
Example 1, except that each of a propylene homopolymer 
having MET. of 0.3 g'10 Tin (sometimes referred to as 
"polypropy iene (to" hereinafter) and a propylene 
homopci/me: havin .7 HF?: of 2 0 g/10 min (sometimes referred 

15 00 as "polypropylene 1 ( c i " hereinafter; 'was used instead 
of the p'C.l -/propylene (ai. The properties of these 
modified poiypropylone were measured on the same manner 
as in KxampTe 1. The results are set forth in Table 1. 

20 C ompa r a fiv e Exampl e _3 

Modified polypropylene (6) was obtained in the same 
manner as ...n Example 1, except that the amount of the 
peroxide was changed to 0.1 part by weight. The results 
are set forth in Table 1. 



25 
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Comparative Example 4 

Modified polypropylene (7) was obtained in the same 
manner as in Example 1, except that 2 , 5 -dimethyl -2 , 5 - 
bis (o-butylperoxy ) hexane (Perhexyne 25B, available from 
5 Nippon Oils & Eats Co., Ltd.) was used instead of the 
peroxide. The results are set forth in Table 1. 
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Corr.p . 
| K>:.3 


Corr.p . 


Starting 

Materials of 
modi f led 
p i'l ypr opylene 
compc sit ion 


T vi >e 3 f P P 


■ a ; 




a : 








Amount of 
?P (v:t f O) 


1 0 0 


100 


1 0 0 


1 0 C 


1 0 0 


100 


1 0 0 


Tyi' e of 
Pe r oxide 


( r-1 ) " J 


■: r - 1 ; * ' 




■; r-l ■ v 




U - 1 ) 




Am<: one of 
Perc xido (wt" ) 


1 . 0 


1 . 3 






1 . 0 


-' * : 


- - 


Properties of 
Mc di f led 
polyprc'pyl ene 
comp os 1 1 ion 


MEO 

i ; I 0 m:n. ) 




1 . u 


5 . 6 


::: . 1 


~ 0 


7 . 5 


120 


M-A/Mn 


3 - 6 


5 . 5 


5 . 6 


0.6. 


4 . 3 


it ^ 




Melt tension 


12 


; 6 


1 0 


1 s 


6 




<0 . i 


Orel fraction 


0 . 3 


0 . 




0 n 









(a) : polypropylene (a) (MFR— oSg/lO mm) , 

(b) : polypropylene (b) ( MFR = 0 . 3g ../ 1 0 mm) 
no) : polypropylene (c) (MFR = - 20g/ 10 mm) 

(r-l) . 01s ( 4-c -buty Icyclohexyl ; pe r oxy di ca r bona t 
( r - 2 } : 2 , 3 - d 1 rie t h y 1 - 2 , 5 - b 1 s ( t - bu t y 1 po r o x y ) h e x a n € 



Ex^mole 4 



1 no 



-rv.s by weight of the pellets of the modified 
10 polypropylene {]) and o parts cy veo 0 -it of a blowing 

agent master-batch (trade name: PE-RM4 10EN, available from 
Dainiohi So 1 ka K . K . , sodium bi ca rbc na t e /c 1 1 r i c acid 
blend) were mixed by a tumbling blender for 3 minutes. 
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The mixture was melded by a 65 mm single-screw extruder 
fL/'D = 28) equipped a: the tip with a circular (die 
■■diameter: 3 0 mm) and a mandrel (diameter: 190 mm) to 
produce a cubular foamed sheet having a thickness of 0.8 
5 mm. The swell ratio- of the tubular foamed sheet in this 
production ma shone was 2.4. The tubular foamed sheet was 
cut open in one side and taken off as a flat sheet by a 
take-off mechanism. 

The foaino :; sheet obtained was evaluated on the 
10 expansion ratio, appearance, shape of eel- and 

f orma'oiii t y f vacuum f orroaoility ) . The results are set 
forth in Table 2. 

Exa mp 1 e s 5 and 6, Compa rative Exampl es 5, 6, "? and 8 

15 Foamed sheets having a thickness of 0.8 mm were 

produced in the same manner as in Example 4, except that 
the modified polypropylene (i) was replaced with each of 
the mociified p o 1 yp ro py lenes (2) to (7-. The foamed 
sheets were evaluated in the same manner as in Example 4. 
20 The results are set forth in Table 2. 

From the modified polypropylene (4), no sheet could 
be obtained because the resin pressure? in the e x trusi o n 
pro-cess was tco high. From the modified polypropylene 
(7), no- sheet could be obtained because the melt 
25 temperature of the resin was extremely lowered. 
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Table 2 
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Shape 
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13 
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Example 7 

5 :00 Parts by weight of the polypropylene (a) and 1.0 

part by weight of bis ( 4 -t-but ylcyclohexy 1 ) 
peroxydi carbonate (trade name: Perkadox 16, available 
from rOVxAPIU AKZO K.K.) as a peroxide were melt kneaded by 
a twin-screw extruder of the same rotational direotion 

10 perfect engagement type ■ KZW2 5-30MG, manufactured by 

Teohn:vel K.K., screw diameter: 11 mm, L/D - 30) under 
the conditions of a resin temperature of 190°C and a 
screw rotational speed of 150 rpin (mean residence time: 
30 seconds) , and the kneadate was melt extruded to obtain 

15 pellets of modified polypropylene (8). The specific 
energy calculated was 0.35 kW-hr/kg. 
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The MFR, molecular weight distribution (Mw/Mn) , 
Mn/Mw and melt tension of the pellets of the modified 
polypropylene (?) were measured or calculated. The 
results are set forth in Table 3. 

Example 3 

Modified polypropylene (9) was obtained in the same 
mariner as in Example 7, except that the amount of the 
peroxide was changed to 0.5 part by weight. The results 

ble 3. 



Ex amir ■ Les 9 and 10 

Modified polypropylene (10) and modified 
P olypr : pylene (11; were obtained in the same manner as in 
15 Example 7 f except that the screw arrangement was ohanged 
so that the specific energy would be each of 0.25 
k-A 1 - hr kg and 0.1 kW-hr/kg. The results are set forth in 
Table 3. 

20 Compar a tive Examples 9 and 10 

Modified polypropylene (12) and modified 
polypropylene (13) were obtained in the same manner as in 
Example 7 , except that the screw arrangement was changed 
so that the specific energy would be each of 0.15 
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kW-hr/kg and 1.0 kW*hr/kg. The results are set forth in 
Table 3. 

Comparative Example 11 
5 Modified polypropylene (14) was obtained in the same 

manner as in Example 7, except that 2 , 5-dimethyl-2 , 5- 
fc-is ( o-out ylperoxy ) hexane ( Perhexyne 2 5B, available from 
Nippon Oils & Fans Co., Ltd.) was used instead of the 
peroxide. The results are set forth in Table 3. 



15 
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Ex ample 11 

112 Parts by weight of the pellets cf the modified 
polypropylene ( ) an: 3 parts by weight of a clewing 
agent mast erbatch (trade name: PE-PM410EN, available from 
Dainichi Seika ?' . K . , sodium bicarbonate/citric aoid 
blend) were mixed by a tumbling blender lor z minutes. 
The mixture was molded by a 65 mm single-screw extruder 
(L/D = 28) equipped at the tip with a circular die 
(diameter: 3 0 mm ) and a mandrel (diameter: 190 mm) to 
produce a tubular framed sheet having a thickness of 0.8 
mm. The swell ratio- of the tubular foamed sheet in this 
production machine was 0.1. The tubular foamed sheet was 
cut open in one side and taken off as a fiat sheet by a 
take-off mechanism. 

The f named sheet obtained was evaluated on the 
expansion ratio, appearance, shape of cell, uniformity of 
cells and t ormabili ty . The results are set forth on 
Tacle 4. 

Exampl es lo, 1 0 and 1 4, Comparative Examples 12 , 13 and 

14_ 

Toameo; sheets having a thickness of J. 8 mm were 
produced in the samo- manner as in Example 11, except that 
the modified polypropylene ( 3 'i was replaced with each of 
the modified polypro pyienes (9) to (14). The foamed 
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sheets were evaluated in the same manner as in Example ii. 
The results are set forth in Table 4. 



Table 4 
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(continuation of table 4) 
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Exampl e 1 5 

i:-0 Farts by weight :: the polypropylene (a), 1.0 
part by weight tf bis ( 4 - 1 -bu t v 1 cvcl ohexyl ) 
peroxyciicarbcnate (trade name: Perkcdo:-: 26, available 
5 from KAYAKU AKZO K.K.) an i 0.01 part by weight of 2,5- 
dimethyI-2 , 5-brs (t-butylper: xy ) hexane [trade name : 
Ferhexa 25E, available from Hippcn Gils & Fats, Co . , 
Ltd.) were melt kneaded by a twin-screw extruder of the 
same rctati^nal direction perfect engagement type (KZW25- 
10 30MG, manufactured by Techn o'el K.K. , screw diameter: 31 
mm, L/C; = 30) under the conditions of a resin temperature 
of 190 c 3 and a screw rotational speed :,f 150 rpm (mean 
residence time: 30 seconds), and the kneadate was melt 
extruded to obtain pellets of modified polypropylene (15) 
15 The M FT: ana melt tension of the pellets of the 

modified polypropylene (15) were measured., and the gel 
fraction thereof was calculated. The- results are set 
forth m Table 5, on which a molecular weight ( w / M n ) of 
the polypropylene is also set forth fcr reference. 

20 



toacneci in the same 
he amount s of 
nat e and 2 , 5- 
were changed to 0.3 



Ex amp 1 e 16 

Modified polypropylene 1. 3 ) was :■ 
manner as in Example 15, except that t 
bis ( 4-t-batylcyclohexyl ) peroxydicarbo 
25 dimethyl-2 , 5-bis ( t-but y lperoxy ) hexane 
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part by weight and 0.01 part by weight, respectively. 
The results of properties of the modified polypropylene 
(16) are set forth in Table 5. 

5 Fefereroe E x ample 1 

Modified polypropylene (17) was obtained in the same 
manner as in Example 15, except that 2 , 5-dimethyl-2 , 5- 
k is ( t-but ylperc xy } hexane ( Per hex a 2 5B , available f r cm 
Nippon Oils £ Eats, Co., Ltd.) was not. used. The results 
10 cf properties of the modified polypropylene (17) are set 
forth in Table 5. 



Table 5 





Ex. 15 


Ex . 1 6 


Ref. 
Ex . 1 


Am oun: of ,tan ir.g pel y prop y j.ene 
(part: ! s ) by we i ah t > 


1 0 C 


10 0 


100 


Amount of cross .linking -YP^ peroxide 
(part: ( s ; by we i ght j 


1 . 0 


G . 6 




Amount of decor: pc s it. i on type percxide 
(part is) by we i ght ) 


I) . 0 2 


0 . 0 1 




Mn 'ii t ie 1 


MER (g/lC: run ■ 


9 . 0 


7 . 0 




Hw/Kn 




3 . 2 


b . 6 


lie 1 o t ens i on ( g ) 






1 2 


Gel fraction (wt ■ ) 




0 . ^ 


0 . 3 



1 5 E xample 17 

ICd Parts by weight of the pellets of the modified 
polypropylene (15) anil 2. parts by weight cf a blowing 
agent masterbatch (trade name: FE-RM4 10EN, available from 
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Dainichi Seika K . K . , sodium ticarbDnate/citric acid 
k lend! were mixed ty a rumbling blender for 3 minutes. 
The mixture was molded oy a 65 mm single-screw extruder 
(L/C 1 -= 23) equipped at the tip with a circular die 
5 (diameter: 81 mm) and a mandrel (diameter: 190 mm) to 

produce a tubular foamed sheet having a thickness of 0.8 
mm. The swell rati<: of the tubular f earned sheet in this 
production machine was 2.4. The tubular foamed sheet was 
cut open on one side and taken off as a flat sheet by a 
10 take-off mechanism. 

The foamed sheet obtained was evaluated on the 
expansion ratio, appearance, shape of cell and 
formabiioty (vacuum f orrnabili ty ) . The results are set 
forth in Table b . 

15 

Exa mpl e 1 8 

A foamed sheet having a thickness of 0.8 mm was 
produced in the same mariner as in Example 17, except that 
the modified polypropylene (16) was used instead of the 
20 modified polypropylene (15). The foameo sheet was 
evaluated in the same manner as in Example 17. The 
results are set forth in Table 6. 

Reference Example 2 
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A foamed sheet having a thickness :>f 0.3 mm was 
produced in the same manner as in Example 17, except that 
the modified polypropylene (17) was used ins:ead of the 
modified polypropylene (15) . The foamed sheet was 
evaluated in the same manner as in Example 17. The 
results are set forth in Table 6. 



Co mparative Ex amp le 15 

A foamed sheet having a thickness of 0.8 mm was 
produced in the same manner as in Example 17, except that 
the polypropylene (a) ( MFR : 3.0 g/10 min, Mw/Mn : 5.6, 
melt tension: 0.7 g, gel fraction 0 wt%) was used instead 
of the mcdified polypropylene (15). The foamed sheet was 
evaluated in the same manner as in Example 17. Vacuum 
forming was impossible because of serious drawdown. The 
results are set f:-rth in Table 6. 
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Table <5 
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Ex am p 1 e 19 

T c a twin-screw extruder c f the s ame rotational 
5 direction perfect engagement type ( ;<ZW25-30M3, 

manufactured by Technovel K.K., sorew diameter: 31 mm, 
L/D = 30) having been so screw arranged as to have two 
kneading sections of a first kneading section and a 
second kneading section, ICO parts oy weight of the 
10 polypropylene (a] and 1.0 part by weight of bis(4-t- 

butylcyclohexyl ) peroxydicarbonate ; trade name : Per kadox 
l 1 :, available from KAYAKU AKZO K.Ko were fed through a 
hopper at a rate of 10 kg/hr. 

On the 'Other hand, a master powder obtained oy 
15 diluting 2, 5 -dimethyl -2 , 5-bis { t-but y Iperoxy ) nexane (trade 
name: Perhexyne 253, available from Nippon Oils & Fats, 
Co., Ltd.) to 1/50 time with a propylene hi om ipol yme r 
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(trade name: J104, available from Grand Polymer Co., 
Ltd.) was fed through a side feed opening provide:! at the 
intermediate position between one first kneading section 
and the seoond kneading section at a rate of 100 5/hr 
5 using an autofeeder. The components fed were melt 

kneaded under tne conditions of a resin temperature of 
19 3°C and a mean residence time of 30 secondo, and the 
kneadate was melt extruded to obtain pellets of modified 
p 0 1 yp r op y 1 e n e { 1 ': ) . 
10 The MFF and melt tension of the pellets of the 

nidified polypropylene (18) were measured, and the gel 
fraction thereof was calculated. The results are set 
forth in Table n , in which a molecular weight (Mw/Mn) of 
the polypropylene is also set forth for reference. 

15 

Example 10 

Modified polypropylene (1°) was obtained in the same 
manner as in Example 1 r* , except that the amount of bis (4- 
t -but yl cycle hexyi ) peroxydicarbonace was changed to 0. 8 
20 part by weight and the feed rate of 2 , 5-dimethyl-2 , 5- 
bis ( t-but ylperoxy ) hexane was changed to 50 g/hr. The 
results co properties of the modified po 1 ypropy lene (19) 
a re set fort n in Table 7 . 

25 Reference Example 1 
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Modified pc lypropylene (20) was obtained in the same 
manner as in Example 10, except that side feed of the 
2 , 5 -dimethyl -2 , : -hi s ( t -bur viper oxy) hexane was not carried 
out. The results of properties of the modified 
5 polypropylene (20) are set forth in Table 7. 



Table 7 
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Examp le _iOL 

10 10 0 Parts by weight :f tne pellets of the modified 

polypropylene (10) and 3 parts by weight of a blowing 
agent masterbaton (tra:ie name: PE-RM4 10EN, available from 
Dainichi Seika K.Ph, sodium bi carbonate /c i trie acid 
blend) were mixed by a tumbling blender for 3 minutes. 

15 The mixture was molded by a 05 mm single-screw extruder 
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tL'D = 28) equipped at the tip v;ith a circular die 
(diameter: 5 0 mir.) and a mandrel (diameter: 190 mm) to 
produce a tubular foamed sheet having a thickness of 0.8 
mm. The swell ratio of the tubular foamed sheet in this 
5 production machine was 2.4. The tubular foamed sheet was 
out or.er. in cue sice and taken cff as a flat sheet by a 
t a ke-cf f mechanism . 

The foamed sheet obtained was evaluated on the 
expansion ratic, appearance, shape of cell and 
10 foimability (vacuum f Drmabi 1 i t y ) . The results are set 
f.;rth in Table 3 . 

E x a mp 1 e 2 2 

A f tamed sheet havinc a thitkness : f 0.3 mm was 
15 produced in the same manner as in Example 2 1, except that 
the modified polypropylene: (19) was used instead of the 
modified polypropylene (13). The foamed sheet was 
evaluated in the same manner as in Example 21. The 
results are set forth in Table 8. 

20 

P.e f erence Exan i cle - ; 4 

A foamed sheet having a thickness of 1.3 mm was 
produced in the same manner as in Example 21, except that 
the modified polypropylene (20) was used instead of the 
25 modified polypropylene (IB). The foamed sheet was 
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evaluated in the same manner as in Example 21. The 
results are set forth in Table 8. 



Table 8 
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Exa mple 2 3 

Preparation of modified polypropylene 
100 Parts by weight of a propylene homopolymer 
(trade name: J103, available from Grand Polymer Co., Ltd., 
10 MFR: c.O g/10 min, sometimes referred to as 

"polypropylene (d)" hereinafter) and 1.0 part by weight 
of bos (4-t-butylcyclDhexyl) per oxyoioarbonaoe (trade 
name: Perkadox 16, available from KAYAKU AKZO K . P' . ) as a 
peroxide were melt kneaded by a twin-screw extruder of 
15 the same rotational direction perfect engagement type 
(KZW25-30MG, manufactured by Technovel K . K . , screw 
diameter: 31 mm, L/D = 30) under tne conditions of a 
resin temperature of 190°C and a screw rotational speed 
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of 150 rpm (mean residence time: 30 seconds), and one 
kneadate was melo extrudeo to obtain pellets of modified 
polypropylene \ 21) . 

Toe MFR, n;oleo'.;lar weight distribution (Kw/Mn) , 
5 Mz/Mw, melt tension and gel fraction :f the pellets of 
the modified polypropylene (21) were measured o»r 
calculated. The results are set forth in Taole 9. 

Pr ep aration cf mo dified _o_c l yprc pylene compositio n 
8 0 Parts fcy weight of the pellets of the modified 
10 polypropylene (11) rand 20 parts by weight of pellets of a 
propylene roomer; ol ymer (trade name: F122, available from 
Grand Polymer Co . , Lt cl. , MF'R : 2.5 g ''1 j min, sometimes 
referred to as "polypropylene (e) M hereinafter:- were 
mixed L-y a tumbling h lender, and the mixture was 
15 granulated by a 6 3 mm single-screw extruder to obtain a 
rmodifiod polypropylene composition (1) . The evaluation 
results of the modified polypropylene composition (1) are 
sot forth on Taole 9. 



Exa mple 24 

A modified polypropylene composition (2) was 
detained in the sane manner as in Example 22, except that 
the amounts of the modified polypropylene (21) and the 
25 polypropylene (e) were changed to 90 parts by weight and 
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10 parts by weight, respectively. The evaluation results 
of the rrodified polypropylene composition (2) are set 
forth in Table 11 . 



5 Exa mple 25 

Prep ar ation of modi f ied polypropylene 
Pellets of modified polypropylene (22) were prepared 
in the same manner as in Example 23, except that the 
polypropylene (e; was used instead of the polypropylene 
10 (d) . 

Toe properties of the pellets of the modified 
polypropylene (22) were measured or calculated on the 
same manner as in Example 23. The results are set forth 
in Table 9. 

15 Pre parati on of mo di f ied p olypro pylen e composition 

A modified pc-lyprcpylene composition (3) was 
obtained in the same manner as in Elxampl.e 23, except that 
the modified polypropylene (12) was used as modified 
pclyprc pylene. The evaluation results of the mo'dified 

20 polypropylene composition ;3) are set forth in Table 10. 
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Table 9 





Ex. 2 3 


Ex . 25 


M edified p o 1 y p r op y iene 


(2 1 ) 


(2 2) 


Amount of starting 
p c 1 y p r op ylene ( wt c -> ) 


100 


100 


Ajtiou n t of peroxide (wtl) 


1 . 0 


1 . 0 


M! r. ( g .'' 1 0 miii ) 


1 . 5 


0 . 5 


Mw 'Mn 


5 . 7 


5 . 8 


Mz 'Mw 


3 . 3 


:-■ . 3 


Melt tension ( g ..■ 


14 


16 


Gel fraction (wt%) 
. — 


0 . 3 


0 . 7 



Table 10 





Ex. 2 3 


Ex. 2 4 


Ex. 25 


Modi £ red polypropylene 
Compos i tion 


< 1) 


(2) 


(3) 


Polypropylene ■ wt-c) 


20 


10 


2 0 


Type of moon. fed polypropylene 

( wt % ; 


(2 1) 

3 0 


( 2 1 ) 

9 0 


(22) 
8 0 


MFR ( g ''10 nr. in ) 


: . 8 


1 . 0 


0.8 


Melt tens i on ( o ) 


8 


] 1 


13 



5 Ex ampl e 2 0 

100 Fares by weight of the pellets of the modified 
polypropylene composition (1) and 3 parts by weight, of a 
blowing agent masterba tch (trade name: PE-F.M4 1 OEM , 
available .from Dainizhi Seika K . Y. . , sodium 
10 bicarbonaoe/ci t ric acid blend) were mixed by a tumbling 
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blender for 3 minutes. The mixture was molded by a 65 mm 
single-screw extruder (L/D - 28) equipped at the tip with 
a circular die {'diameter: 30 mm) and a mandrel (diameter: 
120 mm) to produce a tubular foamed sheet having a 
thickness of 2 . S mm. The swell ratio of the tubular 
foamed sheet in this production machine was 2.4. The 
tubular foamed sheet was cut open in one side and taken 
oft as a fiat sheet by a take-off mechanism. 

The foamed sheet cbtamed was evaluated on the 
expansion ratio, appearance, shape of cell and 
formability. The results are set forth in Table 11. 

In this example, the sheet appearance was visually 
observed, and the srncc t hness ana the thiskness evenness 
:»f the sheet were evaluated based cn the following 
cr iter ia . 

A: The surface smoothness is high and the thickness 
evenness is good. 

2: Any one of the smoothness and the thickness 
e verm e s s is s 1 1 g h 1 1 y bad . 

2: Neither the smoothness nor rhe thickness evenness 
is bah 

?2i ? 22P_t e s 2 7 an :1 2 8 

Foamed sheets having a thickness of 0.8 mm were 
produced in the same manner as in Example 26, except that 



* 4 
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the modified polypropylene composition (1) was replaced 
with each of toe modified polypropylene (2) and the 
moilifiei polypropylene (3). The foamed sheets were 
evaluated in toe same manner as in Example 26. The 
5 results are set forth in Table 11. 



f r e - er - n c e - x amp> 1 c 5 

P\ foamed sheet having a thickness cf 0.8 mm was 
produced in the same manner as in Example 2 6, except that 
10 the modified polypropylene l21) was used instead of the 

modified po lyprop yiene composition (1). The foamed sheet 
was evaluated in the same manner as in Example 26. The 
results are set forth in Table 11. 



15 F.e f ere nce Example _6 

A foamed sheet having a thickness of 0.8 mm was 
produced in the same manner as in Example 2 6, except that 
the modified polypropylene (22) was used instead of the 
modified polypropylene composition (i). The foamed sheet 

20 was evaluated in ohe same manner as in Example 26. The 
results are set forth in Table 11. 



25 
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Table 11 





Ex . 

2 6 


Ex 


28 


Cor 

Ex . 5 


Kei . 
Ex . 6 


Foamed 
sheet 


Expansion 
F.atio 
{ times '■ 

Appea ranee 


1 . 8 
A 


1 . 9 

A 


1 . 9 
A 


2 . 0 

B 


1 . 8 
B 




Shape of 
cell 


Closed 


closed 


Slightly 
closed 


closed 


Slightly 
closed 


Va :uum 
forming 


Shape 

Appearance 


A 
A 


A 
B 


A 
A 


A 
C 


A 

C 


Ex amp 2 


e 2 9 













Prep ar ation of modified p - o 1 y propylene 
5 10 0 Parts by weight the polypropylene (a) and 1.0 

part by weight of bis ( 4 -t-but ylcyclohexyl ) 
peroxy dicarbonat e (trade name: Perkidox 16, available 
from KAYAXU Ap;Z0 K.K.) were melt kneaded by a twin-screw 
extruder of one same rotational direct o on perfect 

10 engagement, type i KZW2 5 - 3 CMC , manufactured by Technovel 
K.K., screw diameter: 31 mm, L/D -~ 10) under the 
conditions of a resin temperature of 100°C and a screw 
rotational speed of 1:0 rprri (mean residence time: 30 
seconds), and the kneadate was melt extruded to obtain 

15 pellets of modified polypropylene (23). 
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The MEE, Mw/Mn and melt tension of the pellets cf 
the modified polypropylene (23':' were measured, and the 
gel fraction thereof was calculated. As a result, the 
XFR was 3.2 g/10 min, Mw/Un was 5.0, the melt tension was 
5 11 g, and ohe gel fraction was 0.3 wt% . 

Freparati o n o f m c - d i f i e d p o 1 y propylene c crnp ositio n 
30 Parts by weight :■: the pellets of the modified 
polypropylene :23) obtained aoove and 10 parts by weight 
of pellets C'f high-pressure low-density polyethylene 
10 (trace name: E102, available from Mitsui Chemicals, Inc., 
MER: 0.5 g/10 min, s: met ones referred t: as "LEFE" 
hereinafter) were mixed 2 y .a tumbling t lender, and the 
mixture was granulated by a £5 mm single-screw extruder 
to obtain a modified polypropylene cc-mposition (4). The 
15 evaluation results of the modified pclypropylene 
composition (4) are set f:rth in Table 12. 



Example 1 0 

A modified polypropylene composition ■■ 5 ) was 
20 obtained in the same manner as in Example 29, except that 
the amounts if the moolifiea polypropylene -.23) and the 
high-pressure low-density polyethylene were changed to 80 
parts by weight and 20 parts by weight, respectively. 
The evaluation results of the modified polypropylene 
25 composition ■; 5 ; are set forth in Table 12. 
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Pomp arative Example 16 

A modified polypropylene rcmposition (6) was 
obtained in the same manner as in Example 29, exrept that 
2 , 5 -dime thy 1-2 , 5 -bis ( t-buoylperoxy ) hexane ( Per hex a 25B, 
5 available from Nippon Oils & Fats Co., Ltd.) was used 
instead of bis ( 4-t-butylcyclohexyl ) pero-xydi carb mate . 
The results are set forth in Table 12. 



Table 12 





Ex. ; Ex. 

2 9 • 3 0 


0. omp . 
Ex. 10 


Modified p Dlyprcpylene 
Ccrr.posi t ion 


14) 1 ( 5 ) 


■:" 6 ) 


Ait. cunt of LDPE (Wt% ) 


io ; io 


10 


MFP (g/10 min) 


2 . 8 


2 . 0 


LOG 


Mw/Mn 








Melt tension (gj 


11 


15 


< 0 . 1 


Gel fraction ( w t % ) 


0 . 5 


0 . 6 





10 

Exampl e 101 

100 Parts by weight of the pellets of the modified 
polypropylene composition (4) and 1- parts by weight of a 
blowing agent master/batch (trade name: PE-RM4 1 OEM , 
15 available from Dainichi Seika o.rh, sodium 

bicarbonate/citric asid blend) were mixed by a tumbling 
blender for 3 minutes. The mixture was molded by a 05 mm 
single-screw extruder (L/D = 23) equipped at the tip with 
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a circular die i diameter: 80 mm) and a mandrel (diameter 
190 mm) to pr:du:e a tabular foamed sheet having a 
thickness of 0.6 mm. The swell ratio of the tubular 
foamed sheet in this production machine was 2.4. The 
5 tubular f :ame: sheet was cut open in one side and taken 
off as a flat sheet by a take-off mechanism. 

The foamed sheet obtained was evaluated on the 
expansion ratio, appearance, shape of cell and 
formability (vacuum f ormabil ity ) . The results are set 
10 forth in Table 10-. 

E xample 32 

A foamed sheet having a thickness of 0.S mm was 
produced in the same manner as in Example 31, except that 
15 the modified polypropylene composition (4) was replaced 
with the modified polypropylene composition (5). The 
foamed sheet was evaluated in the same manner as in 
Example 31. The results are set forth in Table 13. 

20 Foe: fere n ce E xan i ple 7 

The procedure of Example 31 was repeated except for 
using the modified polypropylene (22) instead of the 
modified polypropylene composition (4). The results are 
set forth in Table 13. 



25 
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C omparative Example 17 

The procedure cf Example 31 was repeated except for 
using the modified polypropylene composition (6) instead 
of the modified polypropylene composition (4). However, 
5 molding was impossible because of serious drawdown. 



Table 13 







Ex . 


Ex . 


Ref . 


Comp . 






31 


2 2 


Ex. 7 


Ex . 17 










Modified 




Modi f i ed polypropylene 
composition 


' 4 ) 


(5) 


poly- 
propylene 

(23) 


(6) 




Expansion ratio 










Foamed 


( times ) 


2 . 2 


2 . 1 


1 . 3 


1 ncapable 


sheet 


Appearance 


A 


A 


A 


of molding 




Shape of cell 


closed 


closed 


closed 




Vacuum 


Shape 


A 


A 


A 




f o riiting 


Appearance 


A 


A 


13 





10 



